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INTRODUCTION 
L ocation  and g e n e ra l  geography 
The I lX is to n  Phosphate F ie ld  i s  in  Pov/ell County in  
w es te rn  Montana (see  index  map, f i g * l ) .  The mapped a rea  nay 
he reached  by d r iv in g  20 m iles  west o f  Helena, Montana on 
TJ,S. Highway 10 N to  th e  town o f  2111ston in  s e c s , l  and 2 , 
T*9N»,R*7W# The mapped a rea  In c lu d e s  p a r t s  o f  T .92# ,R .6  
and TWéî T.IO N#, H,6 end 7W*; T . l l  N ,,H .6 and 7VÎ.
E l l 1 s ton l i e s  in  th e  L i t t l e  B laokfoot v a l l e y  e a s t -  
so u th -e a s t  o f  th e  Garnet Range, The e le v a t io n s  o f  th e  
a rea  range from 4940 f e e t  t o  6840 f e e t  above sea le v e l*
The area  i s  in  a l a t e  y o u th fu l  s ta g e  o f  d i s s e c t io n  w ith  
th e  average r e l i e f  be ing  700 to  600 fe e t#
The L i t t l e  B lackfoo t R iv e r ,  th e  headw aters o f  which 
a r e  on th e  C o n t in e n ta l  D iv ide , flows n o r th  to  L l l i s t o n  
where i t  i s  d iv e r te d  to  th e  west* At G a r r iso n ,  an im­
p o r ta n t  r a i l r o a d  Junction  o f  th e  ITorthern P a c i f i c  20 m ile s  
w est o f E l l i s t o n ,  th e  L i t t l e  B lackfoot Jo in s  th e  C lark  
Fork River*
The c lim a te  i s  sem i-arid*  Douglas f i r  and lodgepole 
p ine  grow in  abundance on th e  h i l l s .  The c h i e f  in d u s t ry  i s  
r a i s in g  c a t t l e  end some sheep . The lime k i l n s  e a s t  o f  
E l l i s t o n  a re  s p o ra d ic a l ly  in  opera tion*  A few m iles  so u th  
o f  E l l i s t o n  th e r e  a re  s e v e ra l  mines v/hich have y ie ld ed  c h i e f ­
l y  le ad  and z inc  and some gold  from v e in s  c u t t i n g  th rough  
g r a n i t e  o r  q u a r tz  m onzonite. The d e t a i l s  o f  th e s e  mines 
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Preriaua Work 
L it t le  previous work has been done in  th is  region*
The on ly  published m ater ia l o f  th e  E l l i s t o n  a rea  \ms a 
b r ie f  report o f  th e  phosphate  rock by ptone end Bonine 
(1913) and a reco nna issance  o f th e  geology by Knopf (1913)* 
O ther p u b lish ed  papers^ a l l  o f  v^hich a re  U.S* G eo log ica l 
Survey p u b l ic a t io n s ^  d e a l  w ith  nea rby  a re a s :  H elene ,
Knopf (1913); G arrison  and P h i l (ip s b u rg ,  Pardee (1917); 
M elrose , Gale Hibbards (1935); M axville , P hilipsburg  
and Avon, Pardee (1936); in  areas south and w est of 
B ills to n , MoKelyoy (1948).
The au th o r  i s  indeb ted  t o  Dr* L, V, B e ll  end to  th e  
Montana Phosphate P roducts  Company o f  G a r r iso n ,  Montana 
w ithou t whose m a te r ia l  a s s i s te n o e  t h i s  paper could  not have 
been w r i t t e n  end to  Dr* F. 8 , Konkala, whose a s s i s t a n c e  
and k indness v/as a g re a t  h e lp  in  com pleting t h i s  paper*
The fo llow in g  were a l l  in  one way o r  a n o th e r  o f  
a s s i s t a n c e  and t h e i r  help  i s  hereby  ackno ;ledged:
P ro fe s s o rs  K, P* McLaughlin, A, H, G lockzin , H. K, J e s s e ,
E* C* Lory, M* C h ess in ,  Montana S t a t e  U n iv e r s i ty ;  R. H* 
H ie ta  o f  th e  Montana Phosphate Products  Company*
GEI'JERAL STPATIGRAPRIC FEATURES 
The s t r a t i g r a p h i e  sequence in  th e  E l l i s t o n  Phosphate 
F ie ld  in c lu d e  rooks w ith  a range in  age from M ia s is s ip p ia n  
to  Recent* S ix  fo rm ations  o f  th e  P a leozo ic  and Mesozoic 
eras have a t o t a l  th ic k n e ss  o f  a t  l e a s t  3 ,000  f e e t .  The 
sedim ents e re  lo c a l ly  covered w ith  T e r t i a r y  vo lcunios#
M arine eed lae tita  dominate t h e  P a leozo ic   ̂ w h ile  
o o a t i n e a t a l  d e p o s i ts  beoome more Im portant in  th e  
Mesozoic ro o k s é A t a b l e  o f  th e  sed im en ta ry  fo rm ations  
i s  on page 6*
STRATIGRAPHY Of THE ELLISTOH AimA 
IPreoambrlan 
No Preoambrlan rocks crop out in  th e  mapped 
E l l i s t o n  a r e a ’. The s t r a t i g r a p h y  and s t r u c tu r e  o f  surround** 
Ing a r e a s ,  however, suggest t h a t  l a t e  Preoambrlan B e lt  
S e r ie s  xocks u n d e r l ie  th e  E l l i s t o n  a r e a .
P a leo zo ic  Era 
The p a le o z o ic  e ra  was c h a ra c te r iz e d  by a l t e r n a t i n g  
p e r io d s  o f  emergence and submergence In th e  C en tra l  Montana 
t ro u g h , which was an eastv/ard p r e le c t in g  tongue from th e  
C o rd l l le r a n  geosyne llne  f u r t h e r  t o  th e  w e s t .  A f te r  a long 
p e r io d  o f  e ro s io n  o f  Preoambrlan rockjj, submergence o ccu rred  
and middle Cambrian sedim ents were d e p o s i te d .  Emergence 
and e ro s io n  took  p lace  In O rdovician  and S i l u r i a n  tim es 
w h ile  d e p o s i t io n  was co n tin u in g  in  th e  C o rd l l le r a n  geo-* 
syncllne*
Submergence follov/ed In  upper Devonian tim e w ith  depo­
s i t i o n  o f  lim es to n e  and s h a le .  The seas  widened in  lower 
M is s is s ip p i  an tim e and th e  Madison lim esto n e  v/as d ep o s ited  
o v e r  th e  Rooky Mountain r e g io n .  Emergence and e ro s io n  took  
p la c e  in  upper M isa is s ip p ia n  tim e in  E l l i s t o n  a re a  w hile  
d é p o s i t io n  was ta k in g  p lace  in  c e n t r a l  Mpntana,
D epo sit ion  o f  sandstone  and s h a le  occu rred  in  lower 
P ennsy lvan ian  time# P o s s ib le  emergence and e ro s io n  v/as
fo llow ed  by d ep osit Ion o f  marine sandstone  l a t e r  in  Penn^ 
aylTanian t im »
D eposition  o f  phosphate and c h e r t  o ccu rred  along th e  
s h e l f  of a r e l a t i v e l y  sha llow  sea  In Permian time*
Cambrian to  Devonian Systems 
No rooks o f  Cambrian t o  Devonian age crop  out in  
th e  E ll is to n  area*  The s t r a t i g r a p h y  end s t r u c t u r e  o f  
surrounding a r e a s ,  however, suggest t h a t  s e v e ra l  hundred 
f e e t  o f  Cambrian and Devonian rocks u n d e r l ie  th e  E l l i s t o n  
a rea*
M isa is s ip p ia n  System 
Madison limestonO"* The Madison l im esto ne  o f  lov;er Misslss*» 
Ip p ian  age was named by Peale  (1893, pp* 33-39) from th e  
Madison Range in  sou thw estern  Montana* The fo rm ation  i s  
about 35<K900 f e e t  s t r a t i g r a p h l c a l l y  below th e  Permian 
phosphate rock and I s  im portant as  a guide s in c e  i t  i s  
r e s i s t a n t  end u s u a l ly  forms prom inent o u tc ro p s .  The o u t­
crops a re  e i t h e r  c l i f f s  o r  in  th e  form o f  lo ' "domes*, 
about 25 f e e t  in  le n g th  and 3 f e e t  in  h e ig h t .  Along 
U*S, Highway 10 N th e r e  a re  lime viuerries in  excep tio n ­
a l l y  pure  phases o f  th e  Madison l im es to n e ,
A ,th ick n ess  o f  about 200 f e e t  r e p re s e n t in g  th e  upper 
p a r t  o f  th e  Madison lim estone  was observed in  th e  f ie ld *
The fo rm ation  i s  a g ray , m assive lim estone  which w eathers 
t o  a o h e r a o t e r i s t i c  b lu i s h  hue. I t  ranges from dense t o  
f i n e l y  c r y s t a l l i n e  and l o c a l l y  co n tü in s  f o s s i l s .  A few 
th ic k  beds o f  dolom ite  and a few w idely  s e p a ra te d  lim estone  
b ed s, about 3 inches  t h i c k ,  and c o n ta in in g  c h e r t  nodules 
a r e  in terbedded*
Tabi# 1«
SÏDnfiSHTART HOOKS 0Ï THï ELLISTON FIELD
—6-
Ag# fomatloxi Thloknass 
d o  fa e t )
L ithology
Raoant Alluvium Sand and gra v a i.
P la la toa  
o a n a ---------
G lacia l d r i f t 15 / Sand, gravel and boulders.
Boo ana? "lake bads"
700 /
Sand, gravel, c la y  and 









Interbedded red sh ale and 
q u a r tz ite s  over la in  by 
blue-b laok  sh a les  w ith  
q u a r tz ite s  and lim esto n es , 
A 5 0 -fo o t th ick  lower 
lim estone and a 5 -fo o t  
th ick  upper lim estone w ith  
abundant gastropods.











Basal gray and b lu ish  
sh a les ov er la in  by b u ff-  
weathering s o f t  lim estones  
an^ sandstones; fosailifarpua. 
"ffrajr", 6o l i t  lo  ^ o sj^ a T e  r ook 
underlain and over la in  by 
chert or oherty q u a r tz lte . 
Gray, î ’in e  to medlun grained  
q u a rtz ite  weathering to  a 
c h a r a c te r is t ic  ru sty  color*  
Porms bold outcrops* L ocally  



















1000 Gray, massive lim estone which 
weathers a c h a r a c te r is t ic a lly  
b lu ish  hue* L ocally  f o s s i l i -  
fero u s, dolom itio w ith  widely- 
separated beds contain ing  
chert nodules*
The Madleon l im eston e  in  th e  E l l i s t o n  a rea  i s  about 
1000 f e e t  t h i e k  (8t<me end Bonine» 1913, pp. 3 7 7 ) ,  Ho 
s t r a t l g r a p h l o a l l j r  lower rooks were observed  in  th e  f i e l d .  
I t  may be o v e r la in  by th e  Amsden fo rm a tio n  but t h i s  was 
no t aotualiypCDfen by thej ai&t:hQr»« The Quadrant q u a r t z i t e  
d isoonfonaab ly  o v e r l ie a  th e  Madison lim estone  w herever 
th e  two fo rm ations  were seen#
P ennsy lvan ian  System 
The Amsden fo rm a tion  o f  upper M ls s is s ip p ia n  t o  lower 
P ennsy lvan ian  age was named by Dart on (1904» pp . 394-^01) 
from exposures on th e  Amsden branch o f  th e  Tongue Hiver» 
west o f  Dayton» Wyoming.
Ams^<gn,(?) fo rm ation^The only  p la c e  in  which,Amsden (T) was 
observed i s  in  c e n t r a l  aec.31»T .lW .»R .6W . I t  i s  a re d ,  
c a lc a reo u s  sh a le  about 4 f e e t  t h i c k ,  a p p a re n t ly  under­
ly in g  th e  Quadrant fo rm a tio n . No exact c o r r e l a t i o n  t o  
o th e r  fo rm ations  could  be made in  th e  f i e l d .  The Amsden 
fo rm ation  crops out in  th e  Drummond a re a  w ith  an e s t im a ted  
th ic k n e s s  o f  150 f e e t ,  8 t m e  and Bonine (1913, p .  375) 
r e p o r te d  150 f e e t  o f  Amsden (?) s h a le s  u n d e r ly in g  th e  
Q uadrant.
Quadrant ^ u a r t g i t e -  The Quadrant q u a r t z i t e  was named by 
Weed (1696) from exposures on Quadrant K ountain in  th e  
G a l l a t in  Range in  Y ellow stone N a tio n a l  P ark , In  Western 
Montana» & b r i g h t l y - co lo red ,  u s u a l l y  red ,  s e r i e s  o f l ime­
s to n e s ,  sha les , end f in e - g r a in e d  sandstones  o v e r l a in  by gray 
q u e rb z l te  and c h e r ty q u a r tz i t e  -was named th e  Quadrant 
fo rm atid tti .  I t  was th u s  d esc r ib ed  by C a lk ins  and Emmons,
(191#* 9 «8 ) in  th #  f l i m t  Oreek Remge w i th  thio^oieas^e o f  
100 to  #00 foot o&d 020 to  350 f e e t ,
H, W, d o o t t  (1959* pp«l0ll-<*l03fl) concluded from 
f o e e i l  ev ldeoee t h e t  th e
*red some ebove the Madison In (w estern)
Montane which i s  common Iv  d o  eg I f  led  
#8  t h e  beae o f  th e  O uedrent, 1» in  r e a l^  
i t f  th e  Aatsden* The Quadrcnt c o n a is t s  o f  
th e  w e r l y l n g  q u e r t z l t e e , "
The Quadrant q u a r t e i t e  o f  lower Pennaylir^nian age* 
which l a  e q u iv a le n t  to  th e  ollm^producing Tenaleep aand# 
atone  o f  Wyoming* crops ou t ea a c l i f f  iu a t  n o rth  o f  
S llla tO B  and ia  v l e i b l e  from ü ,$ .  Highway In  ii. The 
Quadrant q u a r t a i t e  la  a marine* grey* f i n e  t o  medium- 
g ra ined*  w e l l - s o r te d  and rounded q u a r t z i t e  w eathering  
t o  a c h a r a c t e r i s t i c  r i s t y  and ycllow iah-bro?m  c o lo r .
In  p la c e s  i t  ie  e i t h e r  o h e r ty  o r  e x te n s iv e ly  brace l u t ­
ed and m ass iv e . The b re c c ia  c o n s i s t s  o f  an g u la r  f r a g ­
menta up t o  5 inches in  d iam ete r  in  a f in e -g r t i ln e d  
q u a r t z i t l c  œ atrix#  The Quadrant has w ell-developed  
J o in t in g  and ten d s  to  b reak  o f f  in  la rg e  b lo c k s ,  but i t  
i s  genera11F r e s i s t a n t  and o f te n  forms proininent ou t­
crops* L o ca lly  th e  Quadrant la  th In-bedded  and p i t t e d .  
The p i t t i n g  i s  due t o  th e  s o lu t io n  o f  sm all oa looreous (?) 
0 0 1 i  t  e,s .The th ic k n e s s  o f  th e  Quadrant io  e s tim a ted  
S t  3SC to  500 fe e t*
The Quadrent r e s t s  d isoonfonaab ly  on th e  Mudiaon 
l im es to n e  « i t h  t h e  Amsden fo rm a tio n  u s u a l ly  m iss ing  
due to  e ro s io n *  The Quadrant 1?? d isconform ^bly  o v e r la in  
by th e  Phosphoric* and a lnoc  th e  Quadrant oorriüionly forms
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prom inent a u te ro p s  i t  serres  an e x o e l le n t  guide t o  th e  
Fhosphoria  form ation#
A ^ r t i a l  s e c t io n  was measured by cha in  in  Eè, sec# 
l i  T#1W#*R.7W# on a c l i f f  o u tc ro p  ju s t  n o r th  o f  E l l i s t o n  
by L. 7 .  B e l l i  R. H ie ta  and th e  author#
L lth o lo g y  Thickness
{in f e e t )
Fhosphoria c h e r t  
6# Covered## . . . # # # . . . . # . # .  ##. .  ###.##### # . . ###10
5» Q u a r ts i te I  w h i te ,  f la g g y ,  o a lo a re o u s ,  f i n e  t o
medium g ra in e d .    ......................    #10
4# Q u a r tz i te ,  g ra y ,  f i n e - g r a n u la r ,  co n ta in in g  
nodu les  up to  3 inches in  diame­
te r ?  w ea thering  yellow-brown. #• •# . •«  16 
3# Q u a r tz i te ,  w h i te ,  f la g g y ,  f in e  t o  medium
g ra in e d ,  o a lo a re o u s # . # # . # , i . . . # . . # .  4  
8# Q u a r tz i te ,  b r e o c ie ,  g ray  w ith  fragm ents up to
0 .5  inches in  d iam e te r  in  a f in e  
g ra in e d  q u a r t z i t l o  m atrix  and lo c ­
a l l y  c o n ta in in g  c h e r t  nodules up t o  
1 /8  inch in  d ia m e te r ,  w ea the ring  
yellow-brov?n» # # # . # # . # . . # # . # # # . # #  .5 .5  
1 , Q u a r tz i te s ,  g ra y ,  f in e  t o  medium grained# Blu­
i s h  w eathering  q u a r t z i t e s  a re  i n t e r ­
bedded w ith  ru s ty -w e a th e r in g  q u a r t ­
z i t e s .  Beds rough ly  1 fo o t  t h i c k  181.0 /
T o ta l  exposed t h i c k n e s s . . .1 6 6 .5  /
Penftian System 
Fhosphoria  fo rm a tio n -  Outcrops o f  th e  Phosphoric forroa- 
t i o n  o f  middle Permian age {M ille r  and C lin e ,  1934 ,p. 
284) a re  ra re  because i t  i s  t h i n  and non-rev3i s tfcn t.
I t  was mapped m ainly on evidence from f l o a t  and p i t s  
dug by p rev ious  p ro s p e c to r s .  I t  i s  a remarkably p e r­
s i s t e n t  fo rm ation  be in g  p re se n t  In Montana, Idaho and 
Wyoming, E q u iv a len ts  o f  th e  Fhosphoria fo rm ation  a re  
p re s e n t  in  A lb e r ta  and Utah# The fo rm ation  prob'^bly
—1 0 —
o o li ta in s  th e  World^e l a r g e s t  re s e rv e s  o f  h igh -g rade  
phoephete  and i t  i e  a p o s s ib le  f u tu r e  source o f  some 
o o n a t i tu e a ta  auoh a s  f l u o r in e ,  vanadium, uranium , n ic k e l  
and molybdenum.
The P h o s j^ o r ia  fo rm ation  was named byM ansfie ld  
an d H io h a rd a  ■ (1912, pp. 684-689) Trom Phosphor la  Gulch 
in  s o u th e a s te rn  Idaho#
McKelvey (1948 ,p p .272-274) d esc r ib ed  th e  v a r i a t i o n s  
in  th e  th ick n ess  and l l th o lo g y  o f  th e  Phosphoria form­
a t io n :
"At i t s  type  l o c a l i t y  in  s o u th e a s te rn  
Idaho , th e  Phosphorie fo rm ation  c o n s is t s  
o f a lower p h ospha tic  s h a le  member about 
ISO f e e t  t h i c k ,  and an upper member, th e  
Rex c h e r t ,  240 f e e t  t h i c k . . .T h e  u n i t s  a r e  
e a s i l y  reoognissable over a wide a rea  in  
Idaho and in  a d jo in in g  p ^ r ts  o f  'Yyoming 
and U tah , bu t in  c e n t r a l  W yom ing...it  i s  
t h i n n e r . . . h a s  more sand and ca rb o n a te ,  
and much le a s  phosphate and s h a l e . . . I n  
so u th e a s te rn  Wyoming, phosphate i s  absent 
and th e  fo rm ation  tongues out in to  non- 
marine. b e d s , . .A s  in  Idaho , th e  Park Ci t y  
fo rm ation  o f  Utah th ic k e n s  markedly to  
th e  west and co n ta in s  a g r e a t e r  th ic k ­
n e s s  o f  chemical p r e c i p i t a t e s .  Iiastv/ard, 
th e  phosphate I s  absent and th e  sha le  and 
u p p e r  lim estone  a r e  more c l a s t i o  and f i n ­
a l l y  tongue out in to  non-marl re  beds in 
e a s te rn  Utah end w este rn  C olorado, In  
sou thw estern  Montana, th e  Fhosphoria form­




B-Phosphate rock and p hospha tic  mud­
s to n e
A -C herty ca rb o n a te  and c l a s t i c  rocks 
(e q u iv a le n t  (?) t o  upper p a r t  o f  
W ells fo rm ation  and low er lim estone  
member o f  Park  C i t y  fo rm a tio n , U tah .)
" In  th e  v i c i n i t y  o f  D ell and Lima, Montana, th e  
t o t a l  th ic k n e s s  i s  485 f e e t .  U n its  A,B,C 
d is a p p e a r  in  th e  Madison Range and northv;ard 
in  th e  Garrison-Drufluaiond a r e a ."
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kB noted by McKelvey# the phosphate  co n ten t d lm in-
ieh ee  eas tw ard  In  Wyoming and U tah , Kazakov (195P ) .
# n p l a l m #  t h e  **aeymmetry" o f  th e  p h o sp h o ri te  f a c i e s  o f
th e  Phosphorie  see a s  due t o
" th e  o p p o s i te  d i r e c t i o n s  o f  bottom c u r r e n ts  
(compensation c u r re n ts )  supp ly ing  phosph a tic  
s o lu t io n s  t o  th e  phosphatic  accum ulation  
on th e  s h e l f ,  and su rfa c e  c u r r e n ts  poor In  
phosphate# heading  f o r  th e  o p p o s i te  s h o re ,  
no lo n g e r  ca p ab le  o f  p roduc ing  p r e c i p i t a t e  
in  th e  reg io n  o f  th e  s h e l f  o f  t h i s  o p p o s i te  
s h o re ,"
The Montane phosphate  P roducts  Company i s  o p e ra t in g  
s e v e r a l  phosphate mines in  n o r th w e s te rn  Montana (see  f i g ,  
2 ) ,  Among th e  im portan t ones a re  th e  Grave Icy  Mine and 
th e  Luke Mine in  Avon and th e  Anderson Mine in  G a rr iso n , 
where th e  main o f f i c e  i s  lo c a te d .  The Luke Mine n e a r  
E l l i s t o n  i s  o p e ra t in g  in  sou th  & ,se c ,3 5 ,T , l l I f ,
Ju s t  n o r th  o f T rout C reek.
In  the  Anderson Mine, on th e  w est limb o f th e  
G arrison  a n t i c l i n e  th e  a u th o r  measured a s e c t io n  o f  th e  
middle member o f  th e  Fhosphoria fo rm a tio n  w ith  a cha in  
in  th e  5036 f e e t  South s to p e :
Thickness
L ith o lo ^ y  f e e t  inches
Chert (hanging w a ll  J , , dark  g ra y   ^
9 ,  P hosphatic  q u a r t z i t e 0 - 1 /2
8# Phosphate ro c k , h ig h -g ra d e , o o l i t i c ,w ith  two
s e t s  o f  f r a c t u r e s  a t  r ig h t  
a n g le s  t o  each o th e r .  One 
s e t  i s  p a r a l l e l  t o  th e  b ed -
d in g     0 11 ,
7 ,  Clay seam, s a n d y , . . .  ...........      0
6 ,  Phosphate r o c k , o o l i t i c ,  f r i a b l e , s a n d y , . .  0 3 1 /2
5 ,  Phosphate r o c k , o o l i t i c , h ig h -g ra d e ,w ith
f r a c tu r e s  as  d esc r ib ed  
in  ( '.'Ç 1 5 1 /2
4 r Phosphate r o o k , o o l i t i c , h ig h -g ra d e , branded,
in te rb ed d e d  w ith  c la y  
seams. . . . . .  . . . . . . . . . .  o 5
3 .  Clay seam, g r a y , , , ,    0 2
£• Phosphate r o c k ,o o l i t i c , lo w - g r a d e   0 2
,*• A v o n
"To E lU S T C N  
9 MILES:
ft. tow.
SCALE tflH.  ^ 9 Mr U£E m m  PM oSPHATe Ot/XCROP 
Railroad
V.S HIGHWAY fO/S  O lAX fKoAD
F l f  , '% Locat ion  o f  phonph' t e  opêr^h: m s ,  "lont^na 
Phosphpte ^roductp.  Co. ,  ? v m p o P i : r o r  
Pbopph^'tfl '^Inlnr.  A.T.m.p:. ’^̂ nîn.'* Tr*^rsootions,  
^^4 ^. ( A f t e r  7 . Arns" ronr ' ,
—13—
1# Clay Beam, « • • « • « « #• • • « « • • . •  0 1
Chert ( fo o tw a ll) t# * ___________________________________ ____
T ota l thiolm eee o f  middle member,. 3 lo
Seven m ilea e a s t  o f  th e  Anderson Mine th e  a u th o r
measured an o th e r  s e c t io n  a t  th e  O raveley  Mine, Avon w ith
a ch a in  In  th e  5117 fo o t  west s to p e  on th e  e a s t  limb of
th e  correspond ing  Luke-Greveley S y n c lln e :
Lltholog»y Thiclaiess
1 f ^ a t  ino^eg
_ C h e r t ,d a rk  g ray  (hanging w a l l )  (covered)
Q u a r t z i t e ,g r e y , f i n e - to  medium g ra in e d ,  con­
t a in in g  phosphate nodules ran ­
g ing  from 1 to  18 inches  m  d ia ­
m e te r ,  Phosphate o o l i t e s  confined  
w ith in  phosphate nodules , in  
p la c e s  th e  nodules surround th e  
q u a r t z i t e , 0 7
'7, C lay, ye llow-'wea th e  r i n g , ............ .. 0 1
Q u a r t z i t e , g r a y , m e d i u m - g r a i n e d , 0 4
5* Phosphate ro ck , q u a r tz i t io , lo w -g ra d e ,
o o l i t e s  w ea th e r  w h i t e 0 6
4, Phosphate ro c k ,M u ls h ,  s i l i c e o u s , h ig h -
g r a d e ,o o l i t e s  a re  b l u e - b l a c k , , , , ,  0 6
Phosphate r o c k ,h ig h * g r a d e ,o o l i t l c , deep­
l y  w ea thered , , , 0 1 l / 8
Same as  ( 4 | ................................................. . i  8
1 , Clay seam, y e lla v -w e e ith e r in g ,, ,  ...............  0 0 1/8
\  Q u a r tz i te ,  g re y ,  o h e r ty ,  w ith  ja s p e r  nod­
u le s  v/ea th e  r in g  d u l l  yellow  
and ru s ty  red  ( c o v e re d ) ( fo o t-  
w a l l),,,,,,  ....... . .
T o ta l  th ic k n e s s  o f  middle member 3 10
Another s e c t io n  a t  th e  Graveicy Mine ( to g e th e r  w ith  
a s e c t io n  a t  E l l i s t o n )  i s  d esc r ib ed  in  Table IX; a l s o  
se e  appendix.
At th e  Anderson, Luke, and Oraveley Mines (see f i g . 8 ) ,  
phosphate rock  i s  from 2 .5  t o  5 f e e t  t h i c k  end i s  o v e r la in
T .Hanging 11 i s  à mining '^erm r e f e r r in g  Fo th e  ro o ts  
o v e r ly in g  th e  phosphate rook . Foot we 11 r e f e r s  to  th e  
rooks u n d e r ly in g  th e  phosphate  rock .
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ftîid und^srleln by IE to  @0 f e e t  o f  o h e r ty  q u a r t z i t e .  (Armstrong 
emd MoKmy; This i s  t h i c k e r  th a n  a t  E l l i s t o n .
Throughout most o f th e  E l l i s t o n  a r e a ,  th e  Fhosphoria 
fo rm ation  m a in ta in s  a uniform  th ic k n e s s  and l i th o lo g y .
I t  i s  absen t due t o  e ro s io n  ju s t  south  o f  E l l i s t o n ,  s e c . 12, 
T.9N*,R*Wé and n o r th  o f  E l l i s t o n  in  s e c . 2 6 , T . l l î l . ,H.7W.
The Fhosphoria fo rm ation  a t  E l l i s t o n  c o n s i s t s  o f  th r e e  
members: th e  b a s a l  member, o r  fo o tw a l l ,  th e  phosphate ro ck ,
and th e  upper member o r  hanging w a l l .  These u n i t s  may be 
c o r r e la te d  w ith  th e  C(?) ,  D end E u n i t s  (see  p . 10) in  th e  
D e l l ,  Montana re g io n .
The lowest member i s  dark  g ray  c h e r t  w ea th e rin g  ru s ty  
red  ahd yellow ish  brown, broken by thlnly**spaoed f r a c tu re s *  
L o ca lly  th e  top  o f  th e  beds o f  th e  lov/est member have a 
b r ig h t -g r e e n  s t a i n .  Oherty q u a r t z i t e  i s  o f te n  p r e s e n t ,  
which makes i t  d i f f i c u l t  t o  d i s t in g u i s h  th e  lowest member 
from th e  u n d e r ly in g  Quadrant q u a r t z i t e .  The th ic k n e s s  is  
e s t im a ted  as ranging up t o  10 fe e t*
The middle member i s  composed o f any com bination o f 
h ig h -g red e  phosphate rock^*, phosphatic  c h e r t ,  and phos- 
p h e t ic  q u a r t z i t e .  The phosphate  i s  p re se n t  m ainly as o o l i t e s ,  
but i s  a ls o  p re se n t  in  th e  m a tr ix .  G enera lly  th e  phosT)hate rock 
i s  b lU ish^b laok  on a f r e s h  s u r fa c e  and h igh lv  f r a c tu r e d .
1 , Phosphate rock  i s  a rock  composed in ly  o f  phosphate 
m in e ra ls  ( P e t t i j o h n , 1949)
H igh-grede phosphate rock has about 31^ PgO% which i s  
eq u iv a le n t  t o  67.7^» Cs;^(P0 4 )g,, The l a t t e r  is  knov/n as  
••bone phosphate o f  lime" ((.abbreviated B.P.L. )
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I t  nay be deep ly  weathered w i th  a l i g h t  gray  t o  white  
c o lo r  w ith  o r  w ithou t a b lu i s h  t inges, th e  "phosphate  
bloom"♦ The rock has a s p e c i f io  g r a v i t y  of  about 2 ,9  
and th u s  i s  n o t ic e a b ly  heavy. When i t  i s  f r e s h l y  brok­
en, a s t ro n g ,  f e t i d  odor i s  o f t e n  noted prob^ibly because 
o f  t h e  presence o f  o rgan ic  rem ains .  These p r o p e r t i e s  
produce an e a s i ly - r e c o g n i s e d  f l o a t .  The th ic k n e s s  v a r i e s  
up t o  5 f e e t .
The upper member i s  s i m i l a r  to  th e  fo o tw a l l  member 
except t h a t  the  green s t a i n  i s  no t  p re sen t  on th e  tops  of 
t h e  bed s .  The member i s  a q u a r t z i t e ,  oh er ty  q u a r t z i t e  
or  c h e r t .  Where th e  middle member was not l o c a t e d ,  th e  
au th o r  could no t  d i s t i n g u i s h  th e  hanging w a l l  from the  
f o o tw a l l .  The upper  member i s  a l s o  d i f f i c u l t  t o  d i s ­
t i n g u i s h  from th e  Ouadrant q u a r t z i t e .  L oca l ly  t h e  upper 
member i s  conglomératlo o r  b re c c ia te d *  The th ic k n e s s  
ranges up t o  10 f e e t ,
K1SSÜZ0IC ERA
In  Mesozoic time non-marine d e p o s i t io n  became more 
im p o r tan t ,  e s p e c i a l l ' :  during  th e  C re taceous .  The 
l a r a m i de orogeny be g ' n  e a r ly  in Cretaceous time and con­
t in u e d  on in to  T e r t i a r y  t im e .  The fo l low ing  i s  a b r i e f  
outl:^ y ? of Mesozoic "events o f  "western Montana:
1 .  D eposition  (?) o f marine sedim ents e a r ly  in  T r ia s a io  
t im e ,
2 ,  Lower T r i a s s i c  (?) to  middle J u r a s s i c  (Batbon isn) 
emergence and e ro s io n  o f  T r i a s s i c  (?) sediments and 
some o f  th e  P a leo zo ic  ro ck s .
5é S u tm rg m o a  amd d a p o a lt io n  o f  sha les^  sandstones end 
lim estonee  in  th e  Sundance Sea in  m iddle end most o f  
upper B athonian  t im e .
4* Emergence end e ro s io n  in  uppermost B athon ian , C e l lo -  
v ia n  and low er and middle D ivesian  t im e s ,
5 .  Submaigence and d e p o s i t io n  o f  sandstones  and sh a le s  (?)
I n  u p p e r  r  D lvealan (?) and Argovian (? )  tim e in  th e  
Sundance S ea .
6* Emergence and e ro s io n  in  Klmmeridgian, P o r t la n d ia n  
and T ith o n ia n  t im e s ,
? .  Submergence and d e p o s i t io n  d u rin g  low er C retaceous 
tim e fo llow ed by u p l i f t .  Marine C retaceous sedim ents 
grade upward in to  non-m arine beds .
8 .  Laramide fo ld in g  and f a u l t i n g  in  l a t e  C retaceous 
and e a r ly  T e r t i a r y  p robab ly  w ith  some vu lcan ism ,
T r i a s s i c  System 
A ll  T r i a s s i c  (?) rocks and probably  some o f  th e  
Phosphorla were eroded when th e  E l l i s t o n  Phosphate F ie ld  
was emergent from low er T r i a s s i c  (?) t o  m iddle J u r a s s ic  t im e . 
Gale and R ichards (1925) r e p o r t s  T r i a s s i c  (?) rooks 400 f e e t  
t h i c k  a t  M elrose , Montana which may be e q u iv a le n t  t o  
Dinwoody fo rm ation  o f  th e  Tendoy, Sno7crest and Madison 
Ranges, Montana.
J u r a s s ic  System 
E l l i s  ^roup*> The E l l i s  fo rm a tion  was named by Peale  
(1893) from exposures n e a r  F o rt  E l l i s ,  a few m ile s  sou th ­
e a s t  o f  Bozeman in  sou thw estern  Montana. Cobban (1945,
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PglËôA) wmpkimg la  Arch, e le v c te d  th e
B il l#  foxttcitieii to  #roup nanfet# He re e o g c lz e i  th re e  fo rp -  
e t  Ion» i n  th e  K ll i»  <?roup» They are# froK o ld e - t  to  yomifrm 
# 8 t ,  th e  :'%mitooth (^zlddle to  upper Bet boni e n ) , th e  kierâon  
(upper Bet boni en en^! C a llov l m) an : th e  w lf t  (up^.er Dlve- 
8l#R m â  Argovlcn)* The u u th o r  moppca i-lie E i l io to n  arma t-is 
in c lu d in g  tv7o u n i t s  oX"' th e  K i l l s  i^hieh may be o o r ro lc te d  
to  th e  Sewtootb and th e  Kvdft for*%et lonr"?#
:3<mtooth forpm tion- CohWn (l94l>,p#12ôB) nemoa th e  
to o th  f o r m t l o n  a f t e r  a s e c t io n  in  .-iioraon Gulch in  the  
3a%tootb Tiungo In no rth w ec t^m  ont a n a , The formait Ion oon- 
s l n t f  of?
"three Ofmbera, a flnm -gralned sand#
a to n e ;  a medial dark gray  #h&le co n ta in ­
ing  a f m  dark  l im e s o n e  bedr and an upper 
SK'Ksher o f  l i g h t - g r a y ,  ea le a reo u a  s i l t -  
s to n e ,  fine-r"m ined  sandstone-, o r  sandy^ 
o o l i t i c  lim estone* The /.Ca\vtooth a s  
l i t t l e  63 B f e e t  in  th e  1 evin-A unburst 
dome# I t  thlcken;s a a i - d  t c  j r o  f e e t  
In th ^  B i l l s  an i  '^tvmrd t o
about ZOB f a s t  a long  the  :.ocky o u n ta in  
F ron t* ,."
The Qwtooth fo m ii t io n  In th . i l l l a t o n  a rea  i s  
genert’i l l y  n o n - re s ? a ta n t  and does not fo ra  good outcrops* 
-owever, i t  can be r e a d i ly  t r e c r d  by ?.:bv'ndsnt .\n : d i s ­
t i n c t i v e  f lo a t*
The format : on c o n s is t  ê o f  m bc^a l grey  o r  b lu e -  
b lack  sh e le  and a s e r i e s  o f  th in -bedded , s o f t ,  grfay, f i n e -  
to  medium-grained, f la g g y , 0 6 l 0 8 i‘0ous san d s to n es ;  so f t*  
gray, f la g g y ,  sandy lim estone  and g i 'ay lsh -g reo n , ^lodium- 
e r y s ta l l in e  l im e s to n e .  A ll beds m y  oon tu ln  f o s s i l s ,  
Weathered beds a re  c h a r a c t e r l s t i o a l l y  b u f f -c o lo ro d  and form 
# d is t in c t iv e  f lo a t*
I»  th e  î r t  seei9,T*iaw*tR#0*W*, a b l u i  ah o c l i t i e  
l im eetone  e m i t t l m  e f e t i d  odor when f r e a h l y  f r a c tu r e d  
wee found*
The th ie tm eee  o f  th e  Sewtootb forx^mtion l a  ea&i* 
meted e t  from 050 t o  450(?) f e e t#
The Sawtooth fo rm a tion  re e te  aiaoorrformebly on t h e  
Phosphorie fo rm ation  end 1® d is e o n fo r re b ly  overl&ln by 
th e  s w i f t ( ? )  f o rm t io n #
Knopf subm itted  a c o l l e c t i o n  o f  f o s s i l e
from an ou tc rop  o f  b a sa l  55ewtooth ju s t  n o r th  o f  F i l l s  to n  
to  T, W* S tan to n  t»ho i d e n t i f i e d  them am folimY®:
^Pentf tc r ln u a  o o t^ r lc u a  Meek end Hayden
ùëmptôncctas p e r ten u 'ls t  m tu  n H e ll  and
W h i t f ie ld  
Pseudomonot i s( orot  ib  eu r t e  H a ll)
Undetermined gaQtr:)poi s h e l l s  
üardlQ cersr^? sp* ( sm@ 11 frormen%)*"
The Hierdon fo rm ation  o f  the  H i l l s  group sms not
found in  t h i s  arc®# Cobbe^n(l945) s a id  t h a t
••during c a r l 37 D lvealan tim e th e  
to o th  and Hierdon form«-ïtiens were 
l o c a l l y  tblnrmd hv e roe ion and poaü«»
Ib lÿ  removed from oome . L a te r
In Dives 1# ill, mar inn p a te ra  trunagresjf^)-* 
cd th e  e n t i r e  ^ rea  end remeined u n t i l  
th e  c lone  o f  th e  Argovhm#''
Sw ift (?) format Ion* Cobban ( 194r » D * 1281 ) named th e  Sw ift forma­
t i o n  from th e ' Sw ift H cservo îr on B irch  Creek in  n o r th ­
w este rn  Montana where th e  be^o urc  well-o%posed# He 
a l s o  d e sc r ib e s  th e  S w ift form ation  in  the  i - i t t l c  B e lt  
Mountains ^dïleh la  s im i l a r  to  th e  ons founâ a t  a 111st on#
The Sw ift format j m  5 s of u.pei* Dlvealan and Arfçovic-in 
age# J u s t  n o r th  o f  E l l i s t o n  th e  S . i f t  ( V) format : on
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urops out fis a ledga«
The Sw ift (?) fottwatlon c o n s i s t s  o f  a baisai conglo­
m era te  c o n ta in in g  q u a r ta l t e  and c h e r t  p e b b le s ,  ranging 
from 1 to  % in ch es  in  d iam ete r  in  a m atr ix  o f  g ray , 
c o a rs e -g ra in e d ,  hard  sandstone  w ith  minute p a r t i c l e s  o f  
b la c k  c h e r t ,  w ea th ering  d u l l  yellow  and r u s ty  bro\m* I t  
has sh a rp ly -d e f in e d  bedding and c ro ss -b e d d in g . This 
g rades  l a t e r a l l y  and upward in to  a c o a r s e -g ra in e d ,  hard  
sandstone and in  the  n o rth w este rn  p a r t  o f  th e  f i e l d  i t  
g rades in to  a q u a r tz i te *  I t  t y p i c a l l y  forms co a rse  t a l u s  
and i s  a good marker bed. The th ic k n e ss  i s  roughly e s ­
tim a ted  a t  60 f e e t .  I t  l i e s  d isconform ably  on th e  Jaw- 
to o th  and i s  d isconform ably  o v e r la in  by th e  Kootenai 
form ation*
Knopf (1913) r e p o r t s  s e v e ra l  hun ired  f e e t  o f  co a rse ­
g ra in ed  sandstones about 1 /2  m ile  northw est o f  E l l i s t o n .  
These may be s i m i l a r  t o  th e  S w i f t ( ? ) ,  I n  th e  Drumnond, 
Montana a r e a ,  about 35 mi l es  t o  the  w - s t , a sequence 
s i m i l a r  to  th e  E l l i s t o n  sci^uence was observed by th e  
author* S h a le s ,  conta In in  p" an o o l i t i c  lin:^; s ton e  o f  th e  
Sawtooth fo rm a tio n , u n d e r l ie  a o h e r t-p e b b le  conglomerate 
o f  th e  Sw ift (?) fo rm a tio n .
C retaceous System 
K ootenai fo rm a tio n -  C, A, F i s c h e r  (1909,p p .26-35) sums 
up th e  h i s to r y  o f  th e  K ootenai form ation  in  Montana show­
ing  i t  to  be low er C retaceous in  age*
The K ootenai form ation  in  th e  E l l i a to n  a rea  i s  b e s t  
exposed in  th e  n o r th  h t^ lf , see * 3 5 ,T. IIN • ,H.7W., where i t
eap s  th a  d lv ld a  between Dog and Trout Greeks,
The f o m a t Io n  c o n s i s t s  o f  In terbedded  re d -p u rp le  
s h a le s  and q u e r t z l t e s  about 90 f e e t  th ic k  o v e r la in  by a 
t h i c k  sequence o f  b lu e -b lb c k ,  than-^badded, s o f t  s h a le ,  
which i s ,  in  p ie c e s ,  in te rbedded  w ith  t h i n ,  medium-gray, 
f i n e - g r a in e d ,  w e ll- ro u n d ed , r ip p le ^ a a rk e d  o r  banded 
q u a r t  s i t e s .  There a re  two l im e s to n e  bed% The lower one i s  
b l u i s h ,  f i n e l y - c r y s t a l l i n e ,  f o s s i l i f e r o u s  and may be SO 
f e e t  t h ic k ;  th e  upper l im es tone  i s  b lu i s h - b la c k ,  rang­
in g  frc«a dense t o  m e d iu m -c ry s ta l l in e ,  c o n ta in s  abundant 
g a s tro p o d s ,  i s  l o c a l l y  d o lo m ltic  and i s  about 5 f e e t  
th ic k *
Near th e  upper p a r t  o f  th e  exposed K ootenai i s  a 
t h i n  bed o f  s i l t s t o n e  ^ i c h  c o n ta in s  abundant p la n t  r e ­
m ains. The youngest rocks observed a re  b r ig h t  g reen , 
medium -grained, s o f t ,  a r g i l l a c e o u s  sandstone  in te rbedded  
w ith  pu rp le  s h a le .  In  p lace s  th e  rocks a re  s t re a k e d  v;ith  
b r ig h t  reds and g re e n s .  The th ic k n e s s  o f  th e  Kootenai 
i s  a t  l e a s t  700 f e e t  and p robab ly  i s  over 1000 f e e t .
The upper co n tac t  was not o bse rv ed .
In  th e  west i ,a e c . l ,T .9 H .,H .7 W * ,re d ,  b u f f ,  and gray  
sandstones  w ith  in te rb edd ed  red  sh a le  (about 85 f e e t  
th i c k )  a re  p re s e n t  in  th e  low er K ootenai.
C ontact Metamorphism o f  th e  Kootenai form ation  
The sh a le s  o f  th e  Kootenai fo rm ation  have been meta­
morphosed by numerous d i o r i t i c  flows o r  s i l l s  (sec  p . 21) 
i n t o  h o zn fe ls  in  th e  a rea  ex ten d in g  from th e  S i,aeo #20 ,
T*iaN*,R*6W* t o  t h e  Sir,s®o.7,T.10N.,R.6W . The metamor­
phism  in  t h i s  a re a  has not p re v io u s ly  been d e sc r ib e d .
•»2X“*
In  8ae*20,T#lW#;R#6W## th e  metamorphosed rock Is  
t y p ic a l ly  an ex trem ely  flne*»grained, o l iv e -g re e n  horn- 
f e l s  w ea th ering  g re e n is h -g ra y .  I t  was d i f f i c u l t  to  d i s ­
t i n g u is h  th e  rook from b a s a l t  in  th e  f i e l d .
A t h i n  s e c t io n  rev ea led  t h a t  30^ o f  th e  rock i s  
anh ed ra l t o  su bhed re l q u a r ts  and o r th o c la s e  w ith  some 
a l b i t e  and leucoxene and m inor amounts o f  b lo t  i t  e .  The 
m a tr ix I  70$ o f  th e  rook^ i s  ex trem ely  f in e - g ra in e d  q u a r tz  
and p o s s ib ly  f e ld s p a r  and a e r i c i t e *  U n id e n t i f ie d  p r i s ­
m atic  c r y s t a l s ,  about 0 .004 Inches in  le n g th ,  have some 
l in e a t io n #
In  Sè|S60*7,T.lON.,R.6W . a t y p i c a l  specimen under^ 
ly in g  th e  youngest bed o f  f in e -g ra in e d  q u a r t z i t e  i s  a 
b la c k ,  h a rd , dense h o m fe l s  w ith  n eed le -shap ed  c r y s t a l s  
o f  c h l a s t o l l t e  w ith  a c r o s s - s e c t io n a l  w id th  o f  0 .02 in ­
ch e s .  Tw enty-five p e rcen t i s  anhed ra l t o  euhed ra l q u a r tz  
about 0 .008 inch  in  d iam e te r .  The m atrix  i s  f in e -g ra in e d  
and s ta in e d  w ith  c h lo r i t e  and h em a ti te .  There a re  m inor 
amounts o f  p y r i t e  and b i o t l t e .
The c h a r a c te r  o f th e  rock g ra d u a l ly  changes dovm- 
ward in  th e  s e c t io n  from a hard  c h i a s t o l i t i c  h o m fe ls  t o  
a so f t  h o m f e l s  which has poorly -deve loped  f i s s i l i t y  and 
l e s s  c h l a s t o l l t e  and f i n a l l y  t o  a b lu e -b la c k  s h a le .  The 
changing c h a r a c te r  o f  th e  rock  sug ges ts  t h a t  th e  ov er-  
ly in g  q u a r tz i t e  blocked th e  magma (see  s e c t io n  on next 
page) causing  i t  t o  metamorphose the  sh a le  below th e  
q u a r t z i t e  t o  r e l a t i v e l y  g r e a t  d ep th s .  The e f f e c t s  o f  th e  
metamorphlsm i s  seen  t o  d im in ish  g r a d u a l ly .
The foU cm ing M o tio n  m »  measured by L* V. B e ll  and 
tbm au th o i^*
M SSSâasy m c t o e a s
(In  f e e t )
8 .  Q u ar ta l te *  f l n e ^ m im e d  
9# D io r i te  porphyry m i l l
e« C hiaatollte bomfela^ blaok* £00
5* Shale» blu##blaek to  hlmk, f le e lle ^  lo c a lly  
weathering red# %ll#^dweloped joint 
a ete  with v e r tic a l dips*##$######»**.##.# 58
4* Andésite porphyry* derk^grey v/ith euhedral
pyroxene e r y e t a l e  w ea th e rin g  l i g h t  green* â 
3» Shale* a s  In (5)#**##*##**#*#####****#***, , ,#.** 13
#* Q u e r te i te .  dark gr&̂ y and blue**biaok# w ea thering
red# mass l v e #*##*** . #*# . *#*#**** , . , * . , *#  13
1$ Q u arte ite#  w ith  sh a le  p mr t l n # # # # # # #**###*#*#*#*
CmO%OIC IHA
Follow ing the  L®r#Ainlde orogeny, « lake beds* were
deposited  in  Eocene (?) time* In  Miocene (?) t im e , ez«
te n s iv e  r h y o l l t e  end h & s a l t (9) flows covered the  landscape
which was p robab ly  asuoh l i k e  i t  I b toc!oy% This m.s f o i l »
owed by u p l i f t  and e ro s io n  and d e p o s i t io n  o f  Recent
alluvium#
T e r t i a r y  System
Stone and Bonin© (li>13#p#3?ô) rep o r te d
" d e p o s i ts  o f  sand# gnssvel, c la y ,  and 
tu f f #  oomrao’̂ lv knmm as  T e r t i a r y  la k e  
b da (oocui^ j u s t  n o r th  o f  E l l i s to n # "
H o riao n ta l  T e r t i a r y  sedim ents can be seen a long
th e  road t o  th e  O m velcy  Mine, Avon* These bed3 were no t
in v e s t ig a te d  in  d e t a i l #
 ......    I»"## '" 1"W" ■« » »
l#Tha th ic k n e s s  o f  th e  b o m fe la  was determ ined by t r a v e r ­
s ing  i t  w ith  e c a r  odoii.ater and n: in^. a b a r o a s te r  a t  
s i g n i f i c a n t  p o in ts#  Tîie sed im en tary  ro c ia  were i eimured 
w ith  a tape#
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Q im tem ery  System 
yX etitoom e Ûapoaitg* a ia c la l  d r i f t  o v e r l i e s  some o f  th e  
pm T ertlary sedlm ebts im m ediately  sou th  o f  th e  L i t t l e  B lack- 
fo o t v a l le y ,  A rodd ou t in  th e  S E i»S E i,sec ,l^ T .lO K .,H,7W. 
exposed a t  l e a s t  13 f e e t  o f  g l a c i a l  d r i f t .  About 0*5 m iles  
north o f the L i t t l e  B laekfoot R iv e r ,  gl@ol&l d e b r is  i s  on 
th e  tops and a long  the  s lo p es  o f  th e  r id g e s .  The d eb r is  
c o n s i s t s  m ainly o f  fragm ents o f  S w ift (?) san d s to n e  and 
g ra n ite *  G ran ite  drops out about 2 m iles  to  th e  e a s t  and 
acco rd in g  to  linopf( 1913) i t  i s  p re se n t  about 7 m ile s  to  th e  
s o u th .  This su g g e s ts  t h a t  th e  g l a c i e r  came from th e  sou th ­
e r ly  o r  e a s t e r l y  d i r e c t i o n .
Recent d e p o s i t s -  sand end g ra v e l  cover th e  f lo o r s  o f th e  
L i t t l e  B laekfoot v a l l e y  and th e  v a l le y s  o f i t s  t r i b u t a r i e s *
IGNEOUS ROCKS 
At E l l i a to n  Lnd su rround ing  a re a s  n e a r  Avon and 
Drummond, Montana a r e  many remnants o f  th e  T e r t i a r y  lav as  
which were w id e s p re a d  in  th e  w este rn  U nited  S t a t e s .  Both 
r h y o l i t i c  and b a s a l t i c  f lo i/s  a r e  p r e s e n t .
S i l l s  a n d /o r  v o lc a n ic  flow - A s e r i e s  o f  d i o r i t i c  igneous 
rocks i s  in t im a te ly  a s s o c ia te d  w ith  Mesozoic sedim ents 
th roughout th e  E l l 1 s ton a rea  * The rocks a re  p a r t i c u l a r l y  
w ell exposed in  Ei,sec*l,T .10U.^R*7W . and W è,sec*6 *T,lON*, 
R#6W. ju s t  n o r th  o f  E l l l s to n *  Thr rock here  i s  undoubtedly  
in t ru s iv e *  The d i o r i t e (?) porphyry has concordant c o n ta c ts  
above end below i t  w ith  th e  Sawtooth fo rm a tio n .
D io r i t i c  Igneous rooks a l s o  crop out in  SSi ,SL,i , s e c .7 ,  
T.10N*,R*6W and continue northw est p a r a l l e l i n g  th e  tre n d  o f
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the Mesoeoio s e d la e n ta  to 8 eo*3 6 ,T .llN . ,R*7W. Here th ey  
ere eeeoel&ted with the Kootenai form ation* Examined mega- 
ecopieelly* the rook has a dark green^ f l n e - to  medium- 
oryatalliae groundmass w ith  phenoorysts o f  p la g io c la a e  
and pyroxene and p ro bab ly  some am phibole. L o c a l ly ,  th e  
crystals ore euhedra l and up to  0 .5  inches in  d iam e te r .
I t  was c a l l e d  an a n d é s i te  porphyry in  th e  f i e l d .
In  E 4 iS eo .l ,T .1 0 N i,K W . and in  W à,seo .6 .T .lO N .,H .6W. 
a re  o u tc ro p s ,  covering  th e  r idge  and s lo p e s ,  which r e ­
semble m egasoopically  th e  rocks j u s t  d e sc r ib e d .  These 
beds have a north^vard s t r i k e  and d ip  s te e p ly  to  th e  e a s t , 
roughly p a r a l l e l i n g  th e  Kootenai fo rm ation  in  t h a t  area* 
P o s s ib le  sources  of th e  d i o r i t i c  magma crop out in  
N E i,3eo*7 ,T .10N .,H .6W* and in  m t ,s e c .3 6 ,T * m ? . ,R 7 W . In  
th e  form er o u tc ro p , th e  c o a r s e ly - c r y s t a l l i n e  d i o r i t e  can 
be t r a c e d  in to  the  porphyry . The d i o r i t e  i s  a g ra y ,  
c o a r s e l y - c r y s t a l l i n e ,  m assive rock consistin^z m ainly  of 
p lû g io c la s e  and pyroxene*
Knopf(1913) and Stone and B onine(1 13) in  d e s c r ib in g  
d i o r i t i c  rocks in  th e  n o r th e rn  p a r t  o f  th e  E l l i s t o n  Phos­
phate F ie ld  r e f e r  to  them as a s e r i e s  o f  flows in te rbed ded  
w ith  Mesozoic sed im en ts .  The a u th o r  i s  no t f u l l y  convinced 
that th e y  i^re a l l  e x t r u s iv e .  The fo llo w ing  ev idence p o in ts  
to an in t r u s iv e  o r ig in  o f th e  igneous rocks;
1* Wherever observed , th e  c o n ta c ts  be t '/een  th e  igneous rocks 
and th e  sed im entary  rocks e re  concorden t,
2* C ontact metamorphlsm o f  the  Kootenai ®dimentG i s  b e liev ed  
to  be to o  deep to  be caused by a f low . Furtherm ore ,
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overly in g  %uart%lte a p p a re n t ly  blocked th e  magma causing  
th e  metamorphiem* (9&e pp,2CV21) *
5# Most o f  th e  igneous bod ies  seem to  be on ly  a fev/ f e e t  
th ick *
I f  th e s e  bod ies  a re  s i l l s *  t h e i r  age i s  p o s t- lo v /e r-  
Creteceous*
The fo llow ing  evidence p o in ts  to  s flow o r ig in :
1* The bodies a re  always p o rp h y r i t i c  and o f te n  have e f i n e -  
c r y s t a l l i n e  groundmass.
2 .  The rooks a re  s s s o e ie te d  o n l y  w ith  Mesozoic sed im ents .
I f  th e se  b o d ies  a re  flows^ then  they  a re  contemporan­
eous w ith  th e  d e p o s i t io n  o f  th e  Kootenai sed im en ts ,
H hyolite porphyry- R hyollte  porphyry i s  th e  most w idespread 
o f the volcanlcSp cropping out as  knobs ju s t  west o f  E l l i s -  
to n , north and sou th  o f  th e  L i t t l e  B laekfoot v a l l e y  and 
westward to  Avon* About 2 m iles  west of L Il i s to n  a d ike 
400 f e e t  long i s  v i s i b l e  from U.S. Highway ION.
The r h y o l l t e  r e s t s  d iaoo noo rd an tly  on th e  rooks of th e  
K i l l s  group. Stone and Bonine (1913.p . 377) deto  th e  rhyo- 
l i t e  as  p o s s ib ly  Miocene in  age , a lthough they  do not g ive 
any evidence fo r  th e  age .
The r h y o l l t e  porphyry  has a c h e r e c t e r i s t i c  dark re d d ish  
hue on e f re s h  s u r f a c e .  I t  has a red groundmass ( lo c a l ly  
appearing  l i k e  ja s p e r )  which raav c o n s t i t u t e  up to  of th e  
rook . The ph eno o ry sts  a re  u s u a l ly  w eathered red  end a re  
q u a r tz  and f e ld s p a r  up to  1/3 inch  in  d iam e te r .  Bedding is  
l o c a l l y  v/el] developed. In  p lace"’ , th e  r h y o l l t e  has a l i g h t -  
gray  groundmass w ith  phenoorysts  o f o i th o c l t - s e ,  i / ; a r t z ,  and 
some b i o t l t e  up to  1 /4  inch  in  d ia m e te r .
•"S6«*
At th e  c o m e r  o f  s e c s # ! , 2*11, T . e n d  In oec.
7 ,T*GN# *T#6W., south  0 ”̂ E l l l e to r  , r h y o l i t e ( ? )  porphyry 
hae a c h a r a c t e r i s t i c a l l y  g een iah  f l o a t .  Th. rocks  have 
a g re e n ,  dense to  f l n e l y - c r y s t a l l i n e  frro^’ndrnasa, The 
phenoorysts  c o n s is t  m ain ly  o f  t a b u l ^ r ,  p a le -o rang e  o r th o -  
c le s e  up to  l / h  inch  lo n r  a m  some d u l l - r r e y  uart? :.
Stone ' nd Bonine( 1913,p . 376) c a l l  th e  rock in  t h i s  a rea  
d i o r i t e  porphyry,
”B o sa l t”-  In  sec3*17,go,T*10K,,R*6W, th e re  i s  an outcrop 
o f  ”beaalt** we th e  r in g  ru s ty  brov/n and c o n ta in in g  b lack  . 
amygdules w eathering  vd ilte ,
T h in -se c tio n  study  shows t h a t  r-bout 30',"̂  o f  th e  s l i d e  
c o n s i s t s  o f phenoorysts  o f  a l b i t e  and ^u e rtz  w ith  some 
o r th o c la s e  and m ic r o l i t e s  in  a f i n e - c r y s t a l l i n e  ground- 
mass o f  what i s  prob b ly  s e r i c l t e  and ^ u a r tz .  Flow l in e s  
a re  d i s t i n c t l y  developed. The amygdales(about 2b '> o f  
s l i d e )  a re  f i l l e d  w ith  s p b e r u l i t i c  chalcedony surrounded 
by a red d ish  rim , probably  yn i ro n  t s i r .  The rock name 
i s  d a c i t e ,  w ith  th e  th ic k n e ss  probably  l e s s  th an  20 f e e t .  
*>Granite*^- Stone end Bonine (1913) mapped g r a n i t e  in t r u s ­
ions about 3 mile^j n o r th e a s t  o f E l l l s t o n  vdiich were seen 
by th e  au th o r .  The -e a re  s e v e ra l  p laces  where the  i n t r u s ­
ion  i s  probably  a monzonite because i t  lacked  s u f f i c i e n t  
q u a r tz  t o  be a g r a n i t e .  Knopf(1913) d e sc r ib e s  s e v e ra l  
mines a few m ile s  sou th  o f  E l l l s t o n  which a re  g e t t in g
t h e i r  o re  from v e in s  in  g r a n i t e ,
STRTTCTURE
The s t r u c tu r e  o f  the  are^ i a a s o u t h e d ' r d  p lu r^ in g
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a u t i o l i n e  on which th e  town o f  E l l l s t o n  i s  s l tu & tcd . The 
o re s t  o f  th e  a n t i c l i n e  i s  h ig h ly  f a u l t e d  w hile i t s  sou th ­
west limb and th e  trough  o f  th e  co rrespond ing  s y r c l in e ,  
Where s tu d ied , a re  r e l a t i v e l y  s im ple , u n fa u lte d  s t r u c t u r e s .
G eneral F e a tu re s  
The rocks s tu d ie d  In reconnaissance  range in  age 
from M ls s is s jp p la n  to  lower Cret?-iceous. Most o f  the  
s t r u c t u r e ,  howev- r ,  was deduced from th e  Phosphoria form­
a t i o n ,  Which ras s tu d ie d  in  d e t a i l  and "hose t h in  beds 
were e x c e l le n t  markers in  the  f i e l d .
The s t r u c tu r e  w i l l  be d iv id ed  in to  two p a r ts  f o r  ease 
o f d is c u e s io n ,  he f i r s t  p a r t  i s  th e  r e l a t i v e l y  simple 
s t r u c tu r e  o f th e  limbs o f  th e  broad fo ld s  In  th e  are^^
The second i s  th e  more complex s t r u c tu r e  found on th e  c r e s t  
o f  th e  a n t i c l i n e .
E s s e n t i a l l y  th e  beds s t r i k e  northw est on th e  ea s t  
limb o f th e  E l l i a to n  a n t i c l in e *  The c r e s t  o f  th e  a n t i c l i n e  
i s  formed by th e  Madison lim estone  and in  th e  correspond­
ing  sy n c lln e  to  th e  e a s t ,  th e  tro u g h  i s  ct-'pped by the  
K ootenai rooks*
The fo ld s  a re  southe 'sst _ lunv?ing, broad and open, w ith  
axes s t r i k in g  approxim ately  N*55^W. The common limb o f 
th e s e  fo ld s  i s  about 6 m iles  long; th e  c r e s t  o f th e  a n t i ­
c l in e  about 2 m ile» wide and th e  trough  o f  th e  sy n c lln e  
about 2 .5  m iles  wide * The fo ld s  tren d  p a r a l l e l  to  th e  
G arrison  a n t i c l i n e  and the  Luke-Graveley s y n c l ln e ( see 
f i g . 2 ) .
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Simple S t r u c tu r e  
In  th e  southea t e m  p a r t  o f  th e  common lim b, th e  beds 
s t r i k e  n o r th  and d ip  s te e p ly  e a s t .  In  th e  SV7i-,3ec.17 
I W * e n d  co n tin u in g  f o r  .5  m ile s  n o r th v /e s t , the  
beds s t r i k e  N » 4 5 ^ . The beds a re  a l t e r n a t e l y  normal and 
o v e r tu rn ed , but m a in ta in  a s te e p  d ip .  C ontinuing  northw est 
f o r  l i t t l e  more th an  a m ile s t a r t i n g  in  the  I JE j ,s e c .2 ,  T. 
ION. ,Rt7W*,the b ed s , which a re  l o c a l l y  o v e r tu rn e d ,  swing 
from an almost emst s t r i k e  t o  th e  n o rth  end then  s t r i k e  
N,45^W# The beds g ra d u a l ly  assume a more g e n t le  d ip  to  th e  
e a s t  «
In  th e  W E i,sec .34 ,T *ilN .,H *7W .,at th e  west end o f  th e  
s y n c l in a l  tro ugh  th e  beds s t r i k e  N.45®E. and d ip  about 
2 5% , This n o r th e a s t  s t r i k e  c o n tin u es  to  th e  SE :t,sec .23 , 
T ,11N.,H#W . where t h e  f i e l d  work was concluded.
In  th e  c e n te r  o f  th e  s y n c l ln e ,  th e  beds have a very  
g e n t le  w e s te r ly  d ip .
Complex S t ru c tu re  
South o f  th e  area  ju s t  d e sc r ib e d , th e  s t r u c tu r e  i s  
g e n e ra l ly  com plicated  by f a u l t i n g .  In  th e  E è ,se c .3 1 ,T .  
10N.,R.Ô?iT, on th e  c r e s t  o f  th e  E l l l s t o n  a n t i c l i n e  th e  . 
beds s t r i k e  e a s t  and d ip  3 0 % , In  th e  w es te rn  h a l f  o f 
th e  s e c t io n ,  th e  beds change s t r i k e  to  F .4 o % . and dip  
3 0 % , The Quadrant g u a r t z i t e  i s  c o a rse ly  b re c c ia te d  in  
s e c t io n  31 In d ic a t in g  in t r a fo rm a t io n e 1 movement probably  
due to  s h a t t e r i n g  o f  the  competent beds b e e  use of th e  
com pressional fo rc e s  Involved in  th e  f o ld in g .
South and southw iat o f  s e c t io n  31 a re  numerous f a u l t s
**E9̂
am o ften  ooour on the o r e s t  o f  a fo ld . The task  of 
io lT ln g  the g lo lo g y  la  made more d i f f i c u l t  because some of 
the p re-T ertiary  rocks are covered by T ertiary  flo w s, and 
glmtoial d r i f t .
D escrip tions o f the f a u l t s *» A ll of th e major f a u l t s ,  except 
one, l i e  in the c r e s t  o f the E l l ls to n  a n t ic l in e .  These 
fa u lts  are probably Laramide in age s in ce  some o f them cut 
across a l l  pre-T ertiary  rock s. The fa u lt s  are probably 
due to the same com pressional fo rces  which are resp on sib le  
fo r  the fo ld in g  s in ce  the fa u lt s  are mainly confined to  
the a n t ic l in a l  c r e s t  and one s e t  of fa u lt s  i s  p a r a lle l  to  
the a x is  of the a n t ic l in e .  F au lting  of th is  type i s  u su a lly  
of the h igh -an g le , normal v a r ie ty  and th is  type i s  probably 
present in  the area . There was no f i e ld  ev idence, however, 
which confirms t h i s .
The fa u lt s  g en era lly  s tr ik e  in  two d ir e c tio n s  which 
are m utually perpendicular. One s e t  o f f a u lt s  s tr ik e s  
approximately N.Ô5^W. to  N.0O^W. which i s  roughly p a r a ll­
e l  to  the a x is  of the E llls to n  a n t ic l in e .  The other s e t  
s tr ik e s  from N.IO^B. to  N.SO^E. Two fa u lt s  in the NEi, s e c .  
6,T.0N.,R .6W ., about 80 f e e t  long, s tr ik e  K.50^W.
Faults foughly AM  a n t ic l in e -  In
SEi, sec.31,T .10N .,R .6W . th ere i s ^  h igh-an gle fa u lt  s tr ik ­
ing H .7 0 ^ . which has a len gth  of 4000 f e e t .
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A fa u lt  8400 fe e t  In  len g th  and w ith  a s t r i k e  o f  N* 
Sd^ITt i s  found in  th e  Nèj38C*32,T.10H. ,R*6W* b r in g in g  Mad­
ison  l im es to n e  in  c o n te c t  w ith  th e  E l l i s  group*
In  th e  W è ,se c * Ô |T * 9 N * g  »6W*, a h ig h -an g le  f a u l t  
. s t r i k e s  N $ 8 0 ^ ,  and has a le n g th  o f 350 f e e t  and an e s ­
tim a ted  s t r a t i g r a p h i e  throw  o f  150 fe e t*  The f a u l t  can be 
seen by th e  o f f s e t  o f th e  Phosphoria o u tc rops  a long  an 
o ld  road lee d in p  to  Helena*
F a u l ts  roughly p e rp e n d ic u la r  t o  th e  a x is  o f  th e  a n t i c l i n e -
The l a r g e s t  mapped f a u l t  in th e  a rea  i s  found m ainly  
in  th e  Wèt9ao*6 ,T*9N*#R*6W* but ex tends n o r th  in to  s e c . 31,
tZ
T«10H«,R*6W. and sou th  in to  s«o*7,T.9N##H.7W, The f a u l t  
p lane i s  curved but i t  has an average s t r i k e  o f  N.SO^E., 
a len g th  o f  9000 f e e t  end an e s tim a ted  s t r a t i g r a p h i e  throw 
of 750 f e e t  b r in g in g  /^uodrant q u a r t z i t e  in  co n tac t  w ith  th e  
Sawtooth fo rm a tio n . About 1500 f e e t  o f  th e  f a u l t  t r a c e  i s  
hidden ben ea th  th e  a lluv ium  o f th e  L i t t l e  B laekfoo t River 
and some g l a c i a l  d r i f t .
In  th e  HE'^,sec.8,T.9N.,H.7W. a h ig li-ang le  f a u l t  s t r i k ­
ing N»10®E. lias a le n g th  o f  a t  l e a s t  1800 f e e t  w i th  an 
es tim a ted  s t r a t i g r a p h i e  throw o f 1 2 0 0 (?) f e e t  b r in g in g  
Quadrant q u a r tz i t e  in  c o n ta c t  w ith  th e  Kootenai fo rm a tio n . 
Probably  much o f  th e  f a u l t  t r a c e  i s  h idden benea th  th e  
alluvium  o f  th e  L i t t l e  B laekfoot R iver and perhaps even 
by th e  g l a c i a l  d r i f t  found on th e  h i l l t o p s  overlook ing  the  
v a lley *
Numerous sm all f a u l t s  were seen in  th e  f i e l d ,  ^"ost 
o f  th e  f a u l t s  were d e te c te d  by fo llow ing  phosphate f l o a t .
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I& outoropa where the f a u l t  planes were a c tu a l l y  observed 
th e net s l ip  was not / i r e a te r  th a n  a fev/ in ch es .  As a mile^ 
th ese  minor f a u l t s  a r e  p a r a l l e l  t o  th e  m ajor f a u l t  s e t s  and 
a l l  f a u l t  p lan es  seen had v e r t i c a l  o r  n e a r ly  v e r t i c a l  d ip s .  
Other fa u lt s »* B e l l*(1952) has r e p o r te d  a f a u l t  in  th e  C ollins»  
tu n nel in  s e c .2 9 *T, ION.$R#6W* The f a u l t  s t r i k e s  N,26°E and 
basa v e r t ic a l  (?) d ip .  Outcrops seen around th e  a rea  suggest 
th at th e  f a u l t  t r a c e  i s  3000 f e e t  long  and t h a t  i t  p robab ly  
has a 8t r a t lg ]% h io  throw  of 1400 f e e t  b r in g in g  Quadrant 
q u a r t z i t e  in  c o n ta c t  w ith  th e  Sa\?tooth form ation*
Comparison o f  e f f e c t  o f  s t r u c tu r e  and 
lo c a t io n  o f  phosphate  rock  
There were no s i g n i f i c a n t  d i f f e re n c e s  in  th e  n a tu re  o f 
the  phosphate rock^ e i t h e r  megasoopice11y o r  m icroscop ic ­
a l l y ,  when compared over d i f f e r e n t  s t r u c t u r e s ,  such as th e  
h ig h ly - f a u l te d  o r e s t  o f  th e  E l l l s t o n  a n t i c l i n e  and th e  
oorrespondinn; re la tiv e ly -u n d e fo rm ed  a n t i c l i n a l  lim b. Any 
micro s t r u c tu r e s  no ted  had no ap p a ren t r e l a t i o n  to  th e  meg- 
a s t r u o t u r e s .  However, because phosphate  rock i s  incompe­
t e n t ,  there , i s  some reason  to  belW  e t h a t  even th e  r e l a ­
t i v e  ly -u n  deformed a n t i c l i n a l  limb we g s u b je c t  t o  enough 
com pressional fo rc e s  so as to  deform th e  o o l i t e s .  Com­
p a r is o n  w ith  com ple te ly  undcformed beds es n e a r  t o  E l l i s to n  
as  p o s s ib le  v/ould heve t o  b» done in  o rd e r  t o  confirm  t h i s .  
More work w i l l  heve t o  be done on t h i s  problem b e fo re  a 
r e a l l y  d e f in i t i v e  s ta tem en t can be made*
The comparison o f  th e  phosphate s e c t io n s  a t  E l l l s t o n  
and a t  G ar r ison  a l s o  showed no a p p r e c ia b le  d i f f e r e n c e s  in
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t h #  t e x tu r e  and s t r u c tu r e  o f  th e  rooks in  th e s e  tvro a r e a s ,  
except t h a t  th e  bending seems to  be l e s s  pronounced a t  
G arr iso n  th e n  a t  E l l l s to n *
PETPOLOGT OE THE PHOSPHJVTE POCK 
D e f in i t io n  o f  phosphate  rook- Phosphate rook , a l s o  c a l le d  
p h o sp h o ri te  o r  rock  phosphate i s  a sed im entary  rock com­
posed m ain ly  o f  phosphate m in e ra ls  ( P e t t i J o h n ,1949,p . 348). 
M ineralogy o f  th e  phosphate ro ck -  The amorphous phosphate 
m in e ra l  -vtfhich makes up most o f  th e  o o l i t e s  i s  c a l le d  c o l lo -  
p h a n i te ,  bu t t h i s  m in e ra l  i s  no t a s in g le  sp e c ie s ,(D a n a ,  
I947,p*703) says t h a t  oollophanit©  i s  e s s e n t i a l l y  Caç« 
PgOg.HgO c o n ta in in g  sm all amounts o f CaCOg,CaF,Ca80^,etc. 
w ith  an index  o f  r e f r a c t i o n  from 1.57 to  1 .6 3 ,
Emery end D ie tz (1950,p . 8-9) d esc r ib ed  phosphate min­
e r a l s  found o f f  th e  co as t  o f  C a l i fo rn ia  and Mexico and s t a t ­
ed th a t  f r a n c o l i t e  o r  d a h l l i t e  i s  p o s s ib ÿ  th e  a n is o t ro p ic  
phosphate m in era l  a s s o c ia te d  w ith  c o l lo p h a n i te .
A l t s c h u le r (1952) s tu d y in g  th e  m ineralogy of th e  phos­
p ha te  nodules In th e  rocks o f  th e  Phosphoria fo rm ation  
s t a t e d  t h a t  ;
"o n  th e  b a s i s  o f  X-ray s tu d ie s  and chem ical 
a n a l y s e s . . . t h e  nodules (;re composed o f  o a r -  
b o n a t e - f l u o r - a p a t i t e .  This in an a p a t i t e  
in  v/hich f l u o r i n e  i s  s l i g h t l y  in  ex cess , and 
in  which, ca rbon , p robab ly  as c a rb o n a te ,  
occurs  s u b s t i tu t e d  in  th e  s t r u c t u r e .  The 
exac t o ccu rren ce  o f  ca rb o n a te  in  th e  s t r u c t ­
u re  i s  no t known, hov/ever, i t  presumably 
re p la c e s  phosphate a s  an a ly se s  o f  carbon­
a t e -  f lu o r -a p a  t i t©  a r e  d e f ic ie n t  in  EgOg."
T h is  su g g e s ts  t h a t  th e  m in era l  p re se n t  in  th e  phos­
p h a te  rook i s  c o l lo p h a n i te ,  s in c e  i t s  t h e o r e t i c a l  formula 
i s  s i m i l a r  t o  t h a t  found by A l t s c h u le r .  A l t s c h u le r ’ s
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report a la o  oonfimaa th e  fa o t that th ere  Is  probably  no 
one m ineral present^ but a mixture o f m inera ls^  perhaps 
In IsomorphouG ser ie s*
M in era ls  a s a o e la te d  w ith  phosphate** The most common 
a s so c ia te s  o f  t h e  phosphate m inera ls  a r e  chalcedony and 
q uartz. M egescopioally  th e s e  m inera ls  a r e  c h e r t .  Also 
present In many specimens i s  h e m a t i te .  Some l lm o n l te ,  
p o ssib ly  m a g n e t i te ,  and in  one specimen, g la u c o n i te  a re  
p resen t•
I t  I s  i n t e r e s t i n g  to  no te  t h a t  excep t f o r  one s l i d e  
co n ta in in g  secondary  c a lc  i t e  and one lim es to ne  bed (1  t o  
8 inches t h i c k ) , no ca rb o n a te  h'js been found. G i lb e r t  
(194S), s tu d ie d  in  d e t a i l  th e  phosphate rock  a t  G arriso n  
and a lso  no ted  th e  lack  o f  ca rbo na tes  in  th e  rock*
G eneral megascopic d e s c r ip t io n  o f  th e  phosphate  rock- The 
phosphate occurs  m ainly  as  o o l i t e s ^ ,  r a r e l y  as p i s o l i t e s *  
end i s  o f te n  found in  th e  m atrix  as c o l lo p h a n i te .  The 
rock  i s  o f te n  so t i g h t l y  cemented t h a t  th e  o o l i t e s  a re  
broken through  by c lo se ly -sp a c e d  s e t s  o f  f r a c tu re s *  Weather­
ing  ta k e s  p lace  most r e a d i ly  around th e  o o l i t e s .  The phos­
phate  rock i s  n o t ic e a b ly  h e a v ie r  than  o rd in a ry  sed im entary  
pocks s in ce  i t  has a s p e c i f i c  g r a v i ty  o f  2 .9 .  Wien s t ru c k  
w ith  6 hammer, th e  rock o f te n  em its e f e t i d  odor vrhich 
can be d e te c te d  a t  d is ta n c e s  f o r  more than  one f o o t .
1 . o o l i t e s  range in  s i z e  up to  0 .1  inch in  a l a * t t « r . F l e o l i t e s  
a re  g r e a t e r  than  0 .1  inbh in  d l’sm eter.
Thar# Im ao o o rre la t lo m  between t h e  grade o f  th e  phoaph?ite 
end th e  odor* The odor i s  p ro bab ly  due to  o rgan ic  remains# 
O o l i te s  oompooe 50 to  S5 p e rc e n t  o f  th e  ^haspbj^t© 
rook e t  l^ l l is to n ^ *  There l e  «orne o o n e ^ t l o  s t r u c tu r e  
ttSueXIy ev id en t  in  them# The oo lite©  have l i g h t - g r a y  cen«* 
t o r e  surrounded by laodium-grcy o r  dark##grey phosphate o r  
derk*"gr^^y o e n te r s  surrounded  by l i g h t - g r a y  o r  ned lun-g ray  
phosphate# O cooslono lly  th e re  i s  d i s t i n c t  bending w ith  
c o n o e n tr ie  banda composed o f  variouss shades o f  grey* The 
bending i s  b e s t  seen  w ith  th e  microscope* The a o l i t e s  
e r e  a lso  composed o f  phoaphate o f  one co lor*  These a re  
e i t h e r  %hite# l i g h t  g m y , medium gray# dark gray# o r  ©s 
in  one specim en, e ve ry  p a le  orange#
The o o l i t e s  u s u a l ly  w ea th er  w ith  a b lu i s h  t i n g e ,  th e  
so#^cclled •phosph&te bloom**# bu t may a l s o  v ;eether t o  a 
l i g h t  gray o r  even e pure w hite*  The w eathered s u r fa c e  
1$ h ig h ly  c h o r c c t e r i s t i c  end# one® scan# nmkes pho?;photo 
f l o a t  e a s i l y  reoogn"!»ed# ■ When Iron  i s  p r é s e n t , the rock 
w ee thers  t o  v a r io u s  shades o f  yellow ©nd oronf;©#
The siiKo o f  t h e  o o l i t e s  v n r io s  from 0*02 inch  to  
0*1  inch# above which th e y  n m  c a l l e d  p l t io l i t e a ;  th e  average oo­
l i t e  t W  i^  from D#04 t o  0*05 inches  in d iam eter* The 
o o l i t e s  a rc  predom inantly  o ll îp so ld a T #  but th ey  m y  be 
e p h e r io a l#  They a r e  sometimes d in c o id s l ,  tri;uigr,lL .r In
1# The p e rcen tag e  o f th e  o o l i t e s  in  th e  p h o sp h ite  rook was 
es t im a ted  in  th e  microaoOi^e by u s ing  th e  (iuadn-mts o f  t h e  
o ro«0 -»heira# A rep resen t© tlv e  «®ot5on o f  th e  e l id e  m s  
s tu d ie d  and an e s t im a t io n  wa» m&de o f  th e  percen tage  o f  
o o l i t e s  In one ^*uedrant*
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flMtlcm» m û  Theae Btmpm m y  r e su lt from
p la s t io i t y  due e ith e r  to  pressures o f  o rer ly ln g  sediments 
OP by p re se u reo  a p p l ie d  during? th e  Lercimide orogeny*
A p a t i te  o r  dah X llte  o ry e t^ l s  e re  p re se n t  in  many oo­
l i t e s #  They can be recognl'/ed  by t h e i r  her&foD:;l o ro sa -  
s a o t lo n ,  v îtreouî?  lu s te r -  and medium- to  derk-gi-6 '' c o lo r ,  
a lthough  i t  may tJ© n ee o ssa ry  to  study t h e i r  o p t i c a l  pro­
p e r t i e s  In o rd e r  t o  d l^ 't lngu l^h  them fro© ^uartz*  The 
o r y s t s l s  ©re probably  no t o o l i t e  n u c le i  because they  e re  
o f te n  n o t  in  th e  c e n te rs  o f  the  o o l i t e s .  They ci>re p robab ly  
a product o f  ra e ry m ta l l i  ^aticm  because th e se  pbosphatio  
cryst& l#  seem t o  be more comr^on In th e  more a t  rue tu rn  11 y 
defom ed p a r t s  o f  th e  phosphate bed-^, t h a t  i s ,  in  th e  
a n t l e l 5.mil c r e s t s  r a th e r  then  in  th e  l im b , Mora sampling 
would have to  be done b e fo re  any d e f in i t e  conclvy-i’iona a r e  
reached#
The m tr t 'K  I s  composed o f ch e rt . , flne-fz,rained 
a n d /o r  c c l lo p h ^ n lte *  o f  th e  m atrix  composition#
the co lor  i s  usually d trk  '.ometimes medium gray*
I t  may bo neoermery to. c<’-jrry a so lu t ion  of 1:1 n.l t r lc  
a c id  and aimnonlum molybd^te In th e  f i e l d  to  d i s t in g u i s h  
th e  phosphot© from the  c h e r t .  The phosphate i s  soluble in  
the n i t r i c  acid end t i n y  yellow o c tc h e d rc l  ory^^tolv r e  
foKiied on a d d i t io n  o f - th e  aàKnoniusz molybdatc# I t  i s  f:ome- 
t lM S  d i f f i c u l t  to  d is t in g n l '^ h  th e  o o l i t e s  from th e  n s t r i z  
v/ben th e  o o li te»  are ero?fded t o g e th e r ,  because of t h e i r  
s l a l l s r l t y  of co lo r .
G enera l  a lo ro go op to  d e a o r lp t jo n  o f  th e  phosphate rock-  
The o o l i t e s  a r e  p a le  brown, sometimes dark brov.m in  plane 
l i g h t  and g ray ,  sometimes b l u i s h  gray  o r  pa le  yellov; in  r e ­
f l e c t e d  l i ^ h t . When crushed to  a powder w i th  an average 
s i z e  o f  0 .1  mm in  d iam eter  and s tu d ie d  in  r e f r a c t i v e  o i l s ,  
th e  o o l i t e s  appear dark broiwi in  p la n e - p o la r i z e d  l i r h t  
and b r i g h t  yellow in  r e f l e c t e d  l i g h t .
Two types  of  c o n c e n t r i c  s t r u c t u r e  or banding a re  p r e ­
s e n t .  One type i s  o f  c o a rse ,  i s o t r o p i c  bands of  v a r io u s  
shades o f  bro\m v;hich a re  conspicuous in p la n e - p o la r i z e d  
l i g h t  but are  b a r e ly  d i s c e rn a b le  under c rossed  n i ç o i s .  This 
i s  probably  due t o  e s l i g h t  change in chemical composition 
(o r  change in  im puri ty )  o f  t h e  phosphate w i th  l i t t l e  change 
in  c r y s t a l l i n i t y .  The o th e r  ty pe ,  which I s  l e s s  o f te n  p re ­
s e n t ,  i s  o f  a l t e r n a t i n g ,  ve ry  t h i n ,  a n i s o t r o p ic  bands and 
much t h i c k e r  i s o t r o p i c  pa le  brown bands.  This  type i s  oon- 
spicuou'^' under c ro sse d  n i ç o i s  end i s  b a r e ly  d i s c e rn a b le  in  
p la n e - p o la r i z e d  l i g h t . I t  seems, t h e r e f o r e ,  t h a t  the  t h i n  
ban i s  very  in  c r y s t s l l i n i t y  w ith  po:^sible chemic 1 changes 
and r e s u l t i n g  an lso t ro p ism .  In  one s l i d e ,  some bands were 
p a r t  i s o t r o p i c  and p a r t  a n i s o t r o p i c .
N u c le i ,  which a re  r a r e , c o n s i s t  o f  subongular u^iartz 
g r a in s  v;hich a re  s e c o n d a r i ly  e n la rg e d .  A p a t i t e  o r  d o h l l -  
i t e  c r y s t a l s  a r e  p re se n t  as sm all  hexagonal p r i s n s  sc' t t e r -  
ed throughout the  o o l i t e .  Although some o f  th e s e  c r y s t a l s  
may be in  t h e  c e n te r  o f  th e  o o l i t e ,  i t  i s  probable t h a t  
t h e y  a re  not n uc le i  s ince  th e  axes of  th e  o o l i t e s  do not  
c o in c id e  w i th  th e  exes of  th e  c r y s t a l s .  The number of th e
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ô r y s ta ls  v a ry  from a few which siay be seen only  under  h igh 
povrer t o  so' many t h a t  th e y  f i l l  a lmost the e n t i r e  o o l i t e .  
Sometimes th e  c r y s t a l s  a r e  p re se n t  in  th e  m a t r ix .  These 
phosphete c r y s t a l s  t r e  p robably  th e  r e s u l t  o f  r e c r y s t a l l i ­
z a t io n  o f  c o l lo p h a n i te  s in ce  they  a re  found v d th in  th e  
o o l i t e s  w i tho u t  o r i e n t a t i o n .  This r e c r y s t a 1 1 1 ra t io n  may be 
due to  p re s s u re s  o f  th e  ov cr ly iny  sediments or  t o  oroycnio 
fo rc e s  s c t i n y  upon th e  u n s ta b le  c o l l o p h a n i t e .
In  one s l i d e  a p e  tv/o o o l i t e s  p a r t i a l l y  o r  vholly 
r e p la c e !  by chalcedony end q u a r tz .
The follovTinc* i s  a d e s c r ip t io n  of the  i n t r a - o o l i t i c  
c r y s t a l s :
indbx o f  r e f r a c t i o n - s l i g h t l v  l e s s  than  
1.61
c o l o r - c o l o r l e s s  to  ve ry  p a le  brot?m In
p lane  l i g h t ,  s t e e l  b lue in  r e f l e c t ­
ed l i g h t ,
h a b i t -m in u te ,  eu h e d ra l ,  hexagonal p r i sm s ,
Some a re  t a b u l a r ,  which sometimes 
show one c r y s t a l  growing out o f  
a n o th e r  (not as  a r e s u l t  o f  tw lnn-
i - m ) .
b i r e f r i n g e n c e - h ig h e s t  c o lo r  i s  p a le  
gray-0.007* C ro s s - s e c t io n s  a re  
d a rk .
e x t i n c t i o n - l e n g t h  f a s t ,  p a r a l l e l  t o  
prisms and t a b u l a r  c r r s t a l s .
Inc lu s io n s -m o s t  have t i n y  c r y s t a l s ( ? )  
end bubble i n c l u s i o n s  in them.
i n t e r f e r e n c e  f i g u r e s - f i g u r e s  are  d i f f i ­
c u l t  t o  determine because th e  
c r y s t a l s  a r e  very  sm a l l .  Some f i g ­
u r e s  were b i a x i a l ,  probably  due 
t o  s t r a i n ,  w ith  a small  SV and 
w i th  no r i n g s .
M inera l  name-probably d a h l l i t e  a l th o u g h  
t h e  index i s  u l i t t l e  too  low and 
th e  t a b u l a r  c r y s t a l s  a re  le n g th  
f a s t  u n l ik e  d a h l l i t e .
The m a tr ix  o f  th e  phosphate rock i s  c o l lo p h a n i te
which hk.'3 th e  same p r o p e r t i e s  as th e  c o l lo p h a n i t e  v / i th in
t h e  o o l i te s *  The m a tr ix  a l s o  c o n ta in s  cha lcedony, q u a r tz ,  
h e m a t i te ,  some l im o n l te ,  m a g n e t l te (? ) ,  and in  one, s l i d e ,  
g la u c o n i te *  The q u a r tz  averages 0*004 inch in  d iam e te r ,  
has wavy e x t in c t io n ,  bubble in c lu s io n s ,  i s  o f te n  second­
a r i l y  en la rg ed  and sometimoB fused*
A ll  o f  th e  m a tr ix  m in e ra ls  may be found in  f r a c t u r e s  
except c o l lo p h a n i te ,  ijome o f  th e  c o l lo p h a n i te  p re se n t  in  
th e  m a tr ix  may be due to  th e  s o lu t io n  o f  p a r t  o r  a l l  o f  
th e  o o l i t e s  and l a t e r  re d ep o s it io n *  For f u r t h e r  d e t a i l s  
see T ab les  I I  and I I I  and appendix .
P la s t ic i ty * » There i s  l i t t l e  doubt t h a t  th e  o o l i t e s  ’vere 
p l a s t i c  a t  one t im e . This i s  in d ic a te d  byi
1 . defo rm ation  o f  th e  o o l i t e s iSoine o o l5 te s  have h ig h ly  
i r r e g u l a r  curved s u r fa c e s  as a r e s u l t  o f  com pression.
These o o l i t e s  may h v e  assumed th e  shape o f  more compet­
ent a d ja c e n t  o o l i t e s  (see  f i g 6 . )* The o o l i t e s  may be 
crowded t o g e th e r  t o  such an e x ten t  t h a t  th e re  i s  d i f f i ­
c u l ty  in  d i s t in g u i s h in g  them from a phosphate matri?.:.
The e l l i p s o i d a l  form may be a deformed sp h e re . In  p la c e s ,  
p a r t  o f  th e  o o l i t e  ha- been compressed in to  th e  m a tr ix .
2 . deform ation  o f th e  b^nds w ith in  th e  o o l i t e s -  Bands o f 
some e l l i p s o i d a l  o o l i t e s  appear to  hove been th ick en ed  
p a r a l l e l  t o  th e  long a x i s  o f  th e  e l l i p s o i d  an i th in ned  
p e rp e n d ic u la r  to  th e  long a x is  (See f i g .  5 ) .  This suggests  
t h a t  th e  compression was p e rp e n d ic u la r  to  the  long a x i s .
The p l a s t i c i t y  i s  a r e s u l t  of o r i g i n a l  d e p o s i t io n  o r  
l a t e r  metamorphlsm*
In  s e v e ra l  s l i d e s  o r i e n t a t i o n  of th e  o o l . i tos i s  
n o te d ,  sometimes p a r a l l e l  t o  th e  bedd ing , but more o f te n
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a t  about 45 d eg rees  t o  th e  bedding (See ap p en d ix ) .  The 
o r i e n t a t i o n  may ohenge in  th e  same s l i d e  two o r  th r e e  
tim es  and^ t h e r e f o r e , may be exp la in ed  by o r ig in a l  depo­
s i t i o n  o n ly  i f  i t  i s  0 ro se -b edd in g  on a dJcroBcopic sca le*  
I f  i t  i s  assumed th a t  th e  o o l i t e s  were p l a s t i c  v/hen th e y  
were formed th en  th e  w eight o f the  o v e r ly in g  sedim ents 
may have produced some o r ie n ta t io n *  There i s  some ev­
id en ce , however, t h a t  metamorphlsm played a ro le  in  
th e  deform ation  o f  th e  o o l i t e s .  In  one s l i d e  t h e r e  i s  a 
fu s io n  o f  s e v e ra l  q u a r tz  g ra in s  e v id e n t ly  caused by th e  
p re ssu re  o f  th e  o o l i t e s  because th e  q u a r tz  g ra in s  now 
assume th e  shape o f  t h e  o o l i te s *  The s p h e r i c i t y  o f  th e  
o o l i t e s  may have made them more competent th an  th e  h a rd e r  
q u a r tz .  The presence of " q u a r tz i te "  was noted  in  one 
o th e r  s l id e *  One s l i d e ,  however, chows thcst e e ts  o f  
f r a c t u r e s  ou t a c ro s s  a t  v a r io u s  ang les  t o  th e  o r ie n ta t io n *  
ORIGIN OF THE HIOSPHATE ROCK 
A com plete o r ig in  o f  th e  phosphi^te rock  should ex­
p l a in :
1* The g eo lo g ic  s e t t i n g  f o r  phosphate d e p o s i t io n  in c lu d in g  
n a tu re  o f  nearby lands  and c o n ta in in g  se a ,
Ë, The so u rce  o f  th e  c o n s t i tu e n t s  o f  th e  phosphate m iner­
a l s ,
3 ,  How th e  phosphate i s  made in so lu b le*
4 ,  The fo rm a tio n  o f  th e  o o l i t e s *
G eologic s e t t i n g -  M ansfie ld  (1927 ,p , 372) d isc u s se s  th e  
p h y s io g ra p h ic  c o n d i t io n s  under which th e  phosphate was
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p rec ip ita te d *
” ♦lowlands o r  peneplaned lan d s  a d ja c e n t  to th e  sea 
e r e  su g g es ted  and a l s o  th e  abundance o f  sandy and quart#, 
z i t i c  m a te r ia l  in  Pennsy lvan ian  t e r r e n e s ,  p o s s ib ly  exposed 
t o  e rosion#  I s  in d ic a te d ,"
The low lands o r  peneplaned lands  soem to  be n ecessa ry  
in  o rd e r  to  produce phosphate ro c k , o th e rw ise  any phos­
p h a te  t h a t  i s  d ep ce lted  would be d i lu te d  w ith  o th e r  sed­
im entary  m a t e r i a l s .  Megascopic and m icroscop ic  exam ination  
o f  th e  phosphate rock  n e a r  K l l i s to n  shows very  l i t t l e  c l a s -  
tid i m a te r ia l  p r e s e n t ,
Souroea o f  th e  c o n s t i tu e n t s  o f  th e  phosphate m in e re ls -  
Igneous rooks c o n t r ib u te  phosphate m ainly  from a p a t i t e  w ith  
some xenotime and monazite* There a re  many o th e r  phosphate 
m in e ra ls  in  Igneous rocks v/hich c o n t r ib u te  to  t h e  supply . 
The phosphate i s  used by an im als  to  form t h e i r  t e e t h  
and sk e le to n s  ( e i t h e r  endo- o r  e x o s k e le to n s ) .  A f te r  th e  
dea th  o f  the  a n im a ls ,  th e  phosphete i s  re tu rn e d  to  th e  s e a ,  
Guano i s  a l s o  an im portan t source  o f  phosphate*
S o l u b i l i t y  end c o n c e n tra t io n  o f  th e  phosphate-  Phosphate 
d é p o s i t io n  i s  tak in g  p lace  in  th e  oceans today  (Emery and 
D i e t z ,1990; Murray, 1873^1676). C larke( 1984 ,p* 127)shov/s 
t h a t  phosphate , w ith  s i l i c a  and Iron  make up 0 .08 to  0*08 
p e rc e n t  o f  th e  ocean s a l t s *  T h e re fo re ,  r e l a t i v e l y  l i t t l e  
phosphate  i s  necessa ry  t o  produce a d ep o s it*
One o f  th e  most im p ortan t problems concerning phos­
p ha te  d e p o s i t io n  i s  what makes th e  phosphate  in so lu b le *
P a rd e e (1 9 l7 ,p p .225-228) s a id  t h a t  th e  phosphate p re ­
c i p i t a t e d  out d i r e c t l y  t o  form o o l i te s *  He assumed t h a t
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a c e r t a i n  amount o f  phosphate has been p r e c i p i t a t i n g  con­
t i n u o u s ly  in  g eo lo g ic  t im e , bu t th a t  calc ium  carbonate  v/hich 
i s  o r d i n a r i l y  p r e c i p i t a t e d  w ith  th e  phospha te , was made more 
s o lu b le  in  co ld  w a te r  due t o  g l a c i a l  c o n d i t io n s  elsew here 
in  th e  world* The g l a c i a t i o n  coo led  the  w a te rs  v/hich helped
r e t a i n  carbon d io x id e  and th u s  prevented  th e  calcium c a r ­
bona te  from d ep o s it in g #
The co o lin g  o f  th e  w a te rs  w u l d  help  e x p la in  th e  ab­
sence o f calc ium  ca rbon a te  in  th e  E l l l s to n  area*  Kazakov 
1 1 9 . 3 0 9  a ls o  c o n s id e rs  th e  c o n c e n tra t io n  o f  carbon 
d iox ide  Im portant* However, he does m t c o n s id e r  g la c ia ­
t i o n :
"accum ula tion  o f  phosphate  occurs on th e  
s h e l f ,  a t  th e  expense o f  th e  chemical p re ­
c i p i t a t i o n  o f  ce lc im a phosphate from a s ­
cending deep (bottom) c u r r e n t s ,  v/hich can
c o n ta in  up t o  300-60C*,*rag P Og p e r  cubic
meter* Owing to  th e  le s s e n in g  in  p a r t i a l  
p re s s u re  of COg in  th e se  ascend ing  l a y e r s ,  
th e  sea w a te r  f i n a l l y  becomes s u p e r s a tu r -  
a t e d - f i r s t  o f  a l l  w ith  re sp e c t  to  CaCO^, 
which m ie t p r e c i p i t a t e  f i r s t ;  somewhat 
l a t e r ,  in  th e  upper h a l f  o f  th e  s h e l f ,  
th e  c r y s t a 113z a t io n  o f  calcium  phosphate 
o ccu rs  combined w ith  th e  f i n a l  c r y s t a l l ­
i z a t i o n  o f CaCO^*"
The S l l i s t t a  phosphate  may re p re se n t  th e  upper 
d h e lf  d e p o s l ta  a f t e r  a l l  o f  th e  calciuîB carbonate  has 
been p r e c ip i t a t e d  as  c a l c i t e *
However, a low ering  o f th e  pH. would a ls o  make c a l ­
cium ca rbona te  more so lub le*  In  th e  ^hosphoria  foiTia- 
t i o n ,  sou th  o f th e  E l l l s t o n  a re a  in to  sou thw estern  
M ontana, Wyoming, and Idaho , ca rbon a te  i s  o f te n  a sso c ­
i â t  rd w ith  th e  phosphate rook . T h e re fo re ,  i t  seerna t h a t  
t h e  lack  o f  ca rbon a te  i s  e l o c a l  phenomenon*
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I t  Should be mentioned t h a t  on in c re a se  o f  carbon 
d io x id e  o r  d ec rease  o f  pH makes bo th  th e  ca rbo na te  and 
the phosphate  more so lu b le*  Hov^ever, s in ce  phosphate  i s  
o r d i n a r i l y  much l e s s  s o lu b le  than  th e  ca rb o n a te ,  i t  i s  
p robab ly  much l e s s  a f f e c t e d  by an in c re a s e  o f  carbon 
d ioxide*
The r o le s  o f  pH and carbon d io x id e  in  th e  p r é c ip i t a ^  
t l o n  o f  phosphate have u n t i l  recen tly ,(K rum bein  and 
G a r r e l s ,1 9 5 2 ) , been overlooked by American fi:eologists* 
K azakov(1958), a R ussian g e o lo g is t  and McGeorge(193E), 
an American chem ist have recognized  th e  Importance o f  th e  
r o le s  o f  pH and carbon d iox ide  f o r  some time*
McGeorge (1932,p p . 593-630) p rep a red  a c h a r t ( s e e  fig*  
3) showing th e  r e l a t i o n s h ip  o f  pH on th e  s o l u b i l i t y  o f  
phosphate rock , chem ica lly  pure d lca lc iu m  p hosph a te , and 
bone* I t  i s  i n t e r e s t i n g  t o  no te  t h a t  a t  th e  pH range o f  
p re se n t-d a y  oceans where phosphate p r e c i p i t a t i o n  i s  tak in g  
p la c e  (about 8 .1  t o  6*2 5-McClend on,19 18 ,p * 254) th e  so lu ­
b i l i t y  o f  phospha te , as in  a p a t i t e  and in  bone, i s  very  
low. However, a lth o u g h  the  s o l u b i l i t y  o f  bone i s  l a v ,  i t  
i s  more so lu b le  th an  th e  phosphate  rook# This su g g es ts  
t h a t  bone w i l l  d is s o lv e  under th e  same c o n d it io n s  which 
wI11 p r e c i p i t a t e  phosphate  rock*
O ther i n v e s t ig a to r s  such as  M urray ,1873-76, B lack- 
w elder,1915  and H onkala , 1949 p re se n t  t h e o r i e s  o f  phos­
p h a te  d e p o s i t io n  based on w holesa le  d e s t ru c t io n  o f  
o rg an ism s , which in  t u r n  y ie ld s  a r a p id  aceumul ; t lo n
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o f  phoûphfite«
MaxisfioXâ (101$ pp*591-*598) tUouglît t h a t  th e  phoa* 
phfôte o b l i t e s  were roplaccwsents o f  oa lcareoua  o o l i te s #
A nother problem oonoem lng th e  ^hosphnte i& poaita  i s  
t h e  prm eD ee o f  f lu o r in e #  M ansfie ld  (I94C#pp#863^e79) 
0U fg^;it8 t h a t  v o loen io  a c t i v i t y  which I s  esnool^^^tcd - i t h  
th e  p r in c ip a l  d ep o s i t#  of th e  U nited  s t a t e s  w p  th e  oourc© 
o f  th e  f lu o r in e  ( in  the  forra o f  f l n o r l i e )  fouh i In phos­
p h i t e  rock*
y o m a 1 1 on o f  the  ooIj t e a -  Kerdley ( 1930,pp* 1359-1-':7S} * 
working w ith  Cfiloaroous o o l i t e a  In Croat S n l t  Loke, i s  on© 
o f th e  few .viithor® who a t r r s s  p h y s ic a l  chem istry  in  th e  
fo rm a tio n  o f  th e  o o l i te s *  He seyo t h a t  oc-rbonrte I s  p re ­
c i p i t a t e d  AS minute c r y s t a l s  n e a r  th e  su rface  due to  
©vaporation* These c r y s t a l s  s ink  end s ince  th e y  e re  more 
s o lu b le  then  th e  l a r g e r  ca rb o n a tes  ( t h e o o l i t e s )  a lre ad y  
forming^ th ey  are  i^olissolved*
the  f^emc moment c o l '  Onlcs o f c a r ­
bon: to  come out o f  s o lu t io n  %nd b u i ld  
on the i a r g a r  p a r t i c ip a  vdzioh a re  l e s  a 
so lub le*  The th e o ry  in v o lv es  th e  pbw&e 
r ^ ie  bnd in b^God on th e  o b s e iv a t lon 
o f tho  Vfjrl’-.'b ],e s o l u b i l i t y  o f a sub- 
st»i'iBce depending on th e  1e#ree of com- 
c in u tlo n *  (Thua) th e  l a r g e r  p a r t i c l e s  
grov bt  th e  expense o f  the  sm aller**#
" D is t in c t  l%yero in s te t  o f  one con­
t in u o u s  growth Tir"'* bra th e  ru le  be- 
00use o f  seu^onol c l im a t ic  vcri& ,tions 
which h l t e r  th e  r - l o  o f  ca rbonate  
pi'cc pi t a t  io n .  *"
Although Hardie y vm s tu d y in g  ou lea  rooua o o l . ' t e a ,
t h e  a u th o r  b e l l  eves t h a t  the  p rocess  o f  p-rcv-th o f  th e
phosphi t e  o o l i t e o  i s  s in l  1. r,* th e o r i e s  of Kardley
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e x p la in  th e  Xeck o f  v i s i b l e  n u c le i  tml th e  v /e ll-developed  
bending  in  th e  pho«ph^>t;e o o l i t e s *  i t  imint be noted, how* 
ever* that imrdley rei^^uirea cone ten t ^ r ite t 'o n  fo r  the  
formait ion  o f  the o o l i t e s *  ■vhich foes not apply to  the  
phosphate rock « t  B l l i s to n *  The bl&ok c o lo r  ani t  o 
f e t i d  odor em itte d  by th e  ^bosph^ta rook when c^tmok 
eu g g es t  t h a t  th e  phoapN^te w-.s d e p o s i te d  under 8 ta#n%nt 
c o n d i t io n s #
smmany
The f o l l w i n g  1® e l i s t  o f  th e  no re  aignl f  i c o n t  c o n t r i*  
b u t io n s  made in  t h i s  p«4per#
1# Pocks p re v io u s ly  a s i g n e d  t o  th e  S i l l s  fo rm ation  have 
been s ep a ra ted  i n t o  th e  Gawtooth and S v 4 f t ( ? )  foana** 
t l o n o  o f  the  E l l i s  group#
B* The phoaph'^te occurs in the .Ghoaphorla format Ion in 
the foin  of o o l i t e s  and Is  often present in the natrlx* 
3* The o o l i te s  arc competed of coilophanlt^  -jtn cmoi%/hou8 
of B oarbon" te-fluor-ap%-1ite, and a p a t i t e  o r  dah* 
1X1 to ,  and p^oaslbly francc l i te*  The a p a t i te  or du)h* 
l l l t o  Is a r e s u l t  o f  reorystellJy,;G:ion*
4* The n a t r l z  I s  m t i n i y coX iophan lte ,  but chalcedony and 
vtuartK a r e  al%o important# Carbonates a r e  oonBpi.cu* 
o u s ly  absent* The lack  o f  c a rb o n a te s  may be due to an 
in c r e a s e  of carbon d ioxide  o r  deoroaee in  pi!, both of  
which c a r b o n / t e  more :3ol.ubl-:’? than pho-'yhrte*
3* Bending o f  th e  o o l i t e ^  \ # l o h  l3 comior * c o n n le t s  of 
ta/'o t  "'pes :
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(a) bands composed o f  a l t e r n a t  inf? l i g h t  and da rk shades 
o f  broivn i s o t r o p ic  phosphate . Tbj s type i s  p l a in ­
l y  v i s i b l e  on ly  in  p lan e  l i g h t ,
(b) bends composed o f  a l t e r n a t i n g  th in *  a n is o t ro p ic  
phosphate  and c o a r s e r  i s o t r o p ic  phospha te . This 
ty p e  i s  p l a in ly  v i s i b l e  on ly  u n der c rossed  
n lc o ls #
6 * N u c le i ,  ' h ioh  e re  r a r e ,  a re  made o f  s e c o n d a r i ly -e n -  
1 rged q u a r tz ,
7 , Experim ents by McGeorge( 1931) shoiv t h a t  th e  pR and th e  
c o n c e n tra t io n s  o f  oarbcn d io x id e  and calc ium  ca rbona te  
have profound e f f e c t s  on th e  s o l u b i l i t y  o f  p h o sp h ;te .
To th e  au th o r» s  knowledge, th e  r e s u l t s  o f  th e s e  ex­
perim en ts  have not been emphasized b e fo re  in  American 
l i t e r a t u r e .  C o n s id e ra t io n  o f  McGeorge»s r e s u l t s  in ­
d i c a t e s  h i s  r e s u l t s  have an Im portant b ea r in g  on th e  
p r e c i p i t a t i o n  o f  phosph^'tes.
6 . O ther c o n t r ib u t io n s :
a .  the  geology o f  the  E l l i s n o n  Phosphate F ie ld  
v;ss mapped and described*
b . the  pe trography  of th e  rocks o f th e  E l l i o t  on 
re g io n ,  w ith  emphasis on phosphate rock , was 
s tu d ie d ,  d e sc r ib ed  and t a b u la t e d .
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P ig .4# Thin se c t io n  o f  the phosphate rook e t  E llls to n *  
Sample No. 1 -8 -4 . Note resorption  o f  some o f  the  
o o l i t e s .  The opaque m ineral Is  h em atite . P icture  
taken In plane l i g h t .  X 80
- 4 8 ^
î l g  5 Thîa se c t io n  o f  rock e t  S U  le t  on* Banding
made o f  eltem ae.tin^ p a le  end dark brown ieotropSe  
bonde# Moot o f  th e llghter^^oolorcd gralni^ ore i^^ertz, 
but th ere ore a ev ere l a p a tite  or d é b i l i t é  c r y s ta ls  
v i s i b l e  In th e  matrix# Kote th inn in g  and th ick en in g  






F ig  6 Thin  s e c t io n  o f  phosphate rook a t  Garrison# Sample 
Ko#G»5124-l!;*-bi C o llophan ite  i s  th e  m atr ix  in  th e  
upper r ig h t -h a n d  co rn er;  chalcedony and q u a r tz  
^ 0  th e  m atrix  in  th e  rem ainder o f  th e  p ic tu re #  
R ote th e  p l a s t i c  e f f e c t  on some o f  th e  o o l i t e s #  t
P ic tu r e  ta k e n  in  p lan e  l ig h t*  X £0
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